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THE EFFECT OF SODIUM BENTONITE ADMINISTRATION ON 
VITAMIN A METABOLISM IN THE RAT"? 


By D. H. LAUGHLAND AND W. E. J. PHILLIPS 


Abstract 


The inclusion of sodium bentonite in the diet severely limited the ability of 
vitamin A deficient rats to store the vitamin in the liver. This effect was 
observed both with vitamin A and with the provitamin B-carotene. Moreover, 
the liver weight per 100 gm. body weight was found to be less in most of the 
groups receiving sodium bentonite than in control groups. The results may be 
interpreted in terms of a physical adsorption of vitamin A or 8-carotene on 
sodium bentonite present in the small intestine. Sodium bentonite cannot be 
regarded as an inert ingredient of the diet of rats and its prolonged administration 
might be expected to have deleterious effects. 


Introduction 


Sodium bentonite is being used to improve the pelleting characteristics of 
a variety of mixed feeds. It is claimed that a harder, more attractive pellet 
is produced when this material is added to the feed at a level of about 2.0%. 
Moreover, this acid clay exerts a beneficial effect by its lubricating action on 
the dies of pelleting machines and prolongs the life of the machines. In view 
of the destructive action of acid clays on vitamin A and conjugated polyenes, 
the mechanism of the reaction has been studied by Laughland and Phillips (1). 
Sodium bentonite adsorbs vitamin A to a marked degree and can effect certain 
chemical changes during the adsorption process. This change results in the 
dehydration of vitamin A alcohol and the production of anhydro vitamin A. 
The work described in this paper has been conducted in an attempt to provide 
some insight into the effects of the administration of sodium bentonite to rats. 


Experimental 
Materials and Methods 
Albino rats were obtained from the departmental stock colony and were 
maintained on a diet of commercial fox cubes. The vitamin A deficient diet 
which was used to reduce the liver reserves of vitamin A in some experiments 
had the following percentage composition: sucrose 65, vitamin-free casein 18, 
brewers yeast 8, corn oil 5, and salt (U.S.P. XIII) 4. 


1 Manuscript received June 22, 1954. 
Contribution No. 262, Chemistry Division, Science Service, Canada Department of Agri- 
culture, Ottawa. 
2 A preliminary report on this work was given at the annual meeting of the Chemical Institute 
of Canada at Toronto in June 1954. 
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Vitamin D was added at a level of 300 I.U. per 100 gm. diet. This diet 
will produce gross symptoms of vitamin A deficiency in from four to five weeks 
if given to rats from the time of weaning at 21 days. 

Liver samples were analyzed for vitamin A by saponifying the tissue with 
alcoholic potassium hydroxide. Five milliliters of 5.0% alcoholic potassium 
hydroxide was used for each gram of tissue and the sample was heated at 
70° C. in a water bath until the tissue had disintegrated. The sample was 
cooled, extracted with Skellysolve B, and centrifuged. Vitamin A was 
determined by the antimony trichloride reaction after an aliquot of the 
Skellysolve B extract was transferred to chloroform. 


Results 


Two preliminary experiments were carried out to determine the effect of 
the incorporation of sodium bentonite in the diet of rats. The rats were 
maintained on a vitamin A deficient diet for a three week period prior to the 
initiation of the experiments in order to reduce the amount of vitamin A in 
the liver. There were six groups of an equal number of male and female rats. 
One group was maintained on the vitamin A-deficient basal diet and the other 
five groups were given this diet supplemented with vitamin A. In addition, 
sodium bentonite was included in the diet of four of the vitamin A supple- 
mented groups at a level of either 0.5, 1.0, 1.5, or 2.5%. The rats were fed 
the diets ad libitum and at the end of the experimental period were killed and 
the livers were removed. 

In Experiment 1 each group consisted of six rats and they were maintained 
for three weeks on the appropriate diets. Supplementation with a vitamin A 
acetate concentrate was at a level of 10000 I.U. per kgm. diet. In Experiment 
2 each group consisted of eight rats and they were maintained for six days on 
the diets. Vitamin A supplementation was at a level of 20000 I.U. per kgm. 
The results of these experiments are given in Table I. 


TABLE I 


INFLUENCE OF SODIUM BENTONITE (S.B.) ON LIVER STORAGE OF VITAMIN A 

















I.U. of vitamin A/liver 
Diet —_—_——_—— 

Expt. 1 Expt. 2 

Basal 12 8 
Basal + vit. A 181 152 
“+ os 0.5% SB. 109 61 

= + “« + 1.0% S.B. 47 57 

aie “« + 1.5% S.B. 44 28 

- “ + 2.5% SB. | 15 7 
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It was evident that, under the conditions outlined above, sodium bentonite 
impaired the ability of vitamin A deficient rats to store the vitamin in the 
liver. It should be emphasized that the liver reserves of these rats were low 
at the start of the experiment and that the sodium bentonite limited the 
absorption of vitamin A and its storage in the liver. The degree of impairment 
in the utilization of vitamin A appeared to be directly related to the amount 
of sodium bentonite incorporated in the diet. 

In view of the foregoing results it became of interest to determine the effect 
of sodium bentonite administration to rats which were maintained on the 
normal diet employed in the rat colony. 

An experiment was carried out with five groups, each of 10 rats of each sex. 
The rats were maintained on the stock cubes for a period of four weeks after 
weaning and were then given a diet of ground cubes to which either 0.5, 1.0, 
1.5, or 2.5% sodium bentonite was added. The animals were weighed 
frequently during the two week period that they were maintained on the 
experimental diets. At the end of this time the rats were killed and 10 livers 
from each group were removed for analysis. The results of this experiment, 
given. in Table II, indicated that the administration of sodium bentonite did 
not significantly alter the body weight of normal rats during a period of two 
weeks. However in all groups receiving sodium bentonite the liver weight 
was less than that of controls either when expressed in terms of total liver 
weight or as grams liver per 100 gm. body weight. 


TABLE II 


EFFECT OF SODIUM BENTONITE ADMINISTRATION TO NORMAL RATS FOR A PERIOD OF TWO WEEKS 




















Mean weight I.U. of vit. A 
a. o (%)| Body Liver Liver 
: cS per 100 gm. Per liver Per gm. liver 
(gm.) (gm.) body wt. 
0.0 137 6.91 5.04 164.4 24.4 
+ §.63 + 0.33 + 0.07 + 12.15 + 1.84 
0.5 134 5.74t 4.28t 167.6 29.3 
+ 2.68 + 6.23 + 0.07 + 8.80 + 1.70 
1.0 131 5.62t 4.29t 144.3 25.9 
+ 4.00 + 0.22 + 0.09 + 10.95 + 2.92 
1.5 131 6.02* 4.64* 134.4 21.8 
+ 4.02 + 0.18 + 0.14 + 6.78 + 1.33 
pe 130 5.93t 4.57t 141.3 24.0 
+ 3.12 + 0.14 + 0.12 + 9.02 + 1.36 





* Significantly different from control at P = 0.05. 
¢ Significantly different from control at P = 0.01. 


No significant change was observed in the amount of vitamin A present in 
the liver. 
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An experiment was conducted in which a stabilized form of vitamin A was 
used to determine if this material behaved in a similar fashion to the vitamin A 
ester concentrate employed in the other experiments. The vitamin A reserves 
of a group of normal rats were depleted by placing the rats on a vitamin A 
deficient diet for a period of four weeks. The rats were then divided into 
seven groups, each consisting of four males and four females. A negative 
control group was maintained on the vitamin A deficient diet and the remain- 
ing six groups were given the basal diet supplemented with 20000 I.U. of 
vitamin A per kgm. The vitamin A was given in the form of stabilized 
“‘Crystalets” produced by the Pfizer Co. In addition, sodium bentonite was 
added to the diet of the groups receiving vitamin A at a level of 0.5, 1.0, 1.5, 
2.5, or 3.5%. The rats were fed ad libitum with free access to water for a 
period of six days and were then killed. 

The results in Table III indicated that sodium bentonite at a level of 1.5, 
2.5, or 3.5% in the diet significantly limited the increase in body weight which 
resulted from the administration of vitamin A. It was observed, moreover, 
that the mean liver weight of groups receiving more than 1.0% sodium 
bentonite in the diet was significantly lower than that of the control group. 
This effect was also significant when calculated on the basis of liver weight per 
100 gm. body weight for groups receiving 1.0, 1.5, and 3.5% sodium 


TABLE III 


EFFECT OF SODIUM BENTONITE ADMINISTRATION TO RATS PARTIALLY DEFICIENT IN VITAMIN A 














Mean weight I.U. vit. A 
Sodium : Liver “| 
inal as fom na! per 100 gm. Per liver Per gm. liver 
_ _ body wt. 
0.0 140.5 7.15 5.08 232.6 33.2 
+ 4.82 + 0.36 + 0.16 + 12.389 + 2.60 
0.5 iz .3 6.85 5.38 172.9F 25..6° 
+ 4.00 + 0.20 + 0.09 + 12.78 + 2.82 
1.0 128.5 5.95 4.64* 147.37 25.0° 
+ 5.05 + 0.20 + 6.11 + 8.27 + 197 
1.5 124.3* 5.43f 4.38+ 148 .5+ 27.6 
+ 3.37 + 0.19 + 0.15 + 14.80 + 3.08 
2.5 126.6* 6.00F 4.75 955.17 26.1 
+ 2:4 + 0.13 + 0.14 + 16.75 + 3.08 
3.5 124.4* 5.64+ £.355* 143.1+ 24.2* 
+ 4.29 + 0.14 + 0.11 + 8.04 = 1.55 
Neg. control{ 127 .0* 6.48 5.12 55.1f 8.85F 
+ 3.45 + 0.18 + 0.18 +12.18 + 2.14 











* Significantly different from group receiving no sodium bentonite at P = 0.05. 
+ Significantly different from group receiving no sodium bentonite at P = 
} Group receiving neither vitamin A nor sodium bentonite. 
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bentonite. Although the negative control group, which received neither 
vitamin A nor sodium bentonite, was significantly lower in body weight than 
the group receiving vitamin A, the liver weight was not changed. 

The amount of vitamin A in the liver was significantly lower in all groups 
receiving sodium bentonite than in the group receiving vitamin A but no 
sodium bentonite. In the negative control and in the groups receiving 0.5, 
1.0, and 3.5% sodium bentonite the effect was significant when calculated 
on the basis of I.U. of vitamin A per gram of liver. It would appear, therefore, 
that sodium bentonite interferes with the utilization of vitamin A either for 
purposes of growth or for liver storage. 

It became of interest, in view of the influence of sodium bentonite on the 
utilization of vitamin A, to determine the utilization of B-carotene under 
similar conditions. Seven groups of rats, each consisting of six males and six 
females, were maintained on the basal vitamin A deficient diet which was 
supplemented with crystalline B-carotene at a level of 24.0 mgm. per kgm. 
Sodium bentonite was added to the diet at a level of 0.5, 1.0, 1.5, 2.0, or 
3.0%. In addition one group was maintained on a basal diet containing 
3.0% alphacel. Alphacel is a ground cellulose preparation which provides 
nonnutritive bulk in the diet. It is produced by Nutritional Biochemicals 
Corporation of Cleveland. The rats were fed the diets for a period of 14 days 
and were then killed and six livers from each group were removed for analysis. 














TABLE IV 
EFFECT OF SODIUM BENTONITE ON THE UTILIZATION OF CRYSTALLINE §-CAROTENE BY RATS 
Mean weight 1.U. of vit. A 
Bentonite ; 
Pe oe Liver wt. 
in diet (%) toy ag per 100 gm. Per liver Per gm. liver 
_ _ body wt. 
0 138.9 6.10 4.39 622.5 - 113.0 
+i. + 0.29 + 0.09 + 29.10 + 8.09 
0.5 147.6 7.21 4.88* 492 .3+ 75 .0* 
+ 7.65 + 0.63 + 0.19 + 26.15 + 11.50 
1.0 144.0 v.28 4.96* 495.2* 79 .OF 
+ 6.72 + 0.53 + 0.19 + 43.30 + 4.68 
ee 143.2 7.01 4.90* 385.5T 62.0t 
+ 6.60 + 6.3% + 0.17 + 33.9 + 10.20 
2.0 140.2 6.75 4.89* 445 .0t 65 .4t 
+ 6.30 + 0.18 + 0.19 + 25.4 4 2.22 
3.0 139.5 6.98 4.95t 313.37 53.77 
+ 6.90 + 0.52 + 0.14 + 53.6 + 10.0 
3.0 (alphacel) 139.3 6.93 4.97+ 539.6 93.7 
+ 5.65 + 0.38 + 0.12 + 69.0 + 16.75 











* Significantly different from group receiving no sodium bentonite at P = bs 
+ Significantly different from group receiving no sodium bentonite at P = 0.01. 
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The results in Table IV indicated that there was no signicant change in the 
body weight or liver weight of the sodium bentonite treated groups when 
compared with the control group. The liver weight per 100 gm. body weight 
was significantly increased in all the groups receiving more than 0.5% sodium 
bentonite in the diet. The reason for the increase in liver weight is not readily 
apparent. The amount of vitamin A, when calculated either as I.U. per liver 
or I.U. pergram of liver, was significantly lower in the sodium bentonite treated 
groups thaninthe control. The group maintained on 3% alphacel exhibited 
the same significant increase in liver weight per 100 gm. body weight that was 
evident in the groups receiving sodium bentonite. However, the level of 
vitamin A in the liver was not significantly different in the alphacel group 
from that of the control. 


Discussion 


Acid clays of the type exemplified by sodium bentonite may be expected to 
exert several different effects when incorporated in the diet of animals. Sodium 
bentonite can influence the physical state of the intestinal contents in at least 
two ways. The bulk of the intestinal contents is increased by the feeding of 
sodium bentonite, and the absorption of certain nutrients may be altered by 
modifying peristalsis and the rate of passage of the contents through the 
intestine. The ability of sodium bentonite to adsorb a considerable amount 
of water and thereby alter the consistency of the intestinal contents is 
probably related to this effect. Superimposed on these two influences is the 
marked adsorption affinity of sodium bentonite for vitamin A and various 
conjugated polyenes. 

The experimental work described in this paper demonstrates that sodium 
bentonite effectively counteracts the increase in liver reserves of vitamin A 
which might be expected to result from the administration of the vitamin to 
partially deficient rats. This effect is evident when vitamin A is administered 
in the form of a vitamin A acetate concentrate, as gelatin stabilized vitamin A, 
or as the provitamin 6-carotene. 

Laughland and Phillips (1) have reviewed the literature related to the 
formation of colored complexes when vitamin A and conjugated polyenes are 
adsorbed on acid clays and have made further observations on the mechanism 
of the reaction. In view of the great adsorptive affinity of sodium bentonite 
for vitamin A and #-carotene it would appear logical to assume that the 
vitamin A in the diet was adsorbed on the sodium bentonite. It should be 
recognized, however, that the ability of sodium bentonite to adsorb water 
and increase the bulk of the intestinal contents may be important factors in 
limiting the absorption of vitamin A. 

The ability of sodium bentonite to adsorb various compounds is related to 
the acidity of the clay. The adsorption affinity for vitamin A, for example, is 
decreased if the acidity of the clay is reduced. This observation suggests that 
an alteration in the pH of the intestinal contents might be expected to 
influence the adsorption of vitamin A on sodium bentonite in the small 
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intestine. A second factor should be borne in mind in considering that 
physical adsorption is the prime factor which limits the absorption of vitamin 
A. It has been demonstrated by Weil-Malherbe and Weiss (2) that a variety 
of compounds may be adsorbed by acid clays. The amount of vitamin A 
adsorbed on sodium bentonite in the intestinal lumen would therefore be 
related to the relative adsorption affinity of the clay for vitamin A and other 
related compounds present in the diet. 

The experimental work which has been described in this paper demonstrates 
that sodium bentonite cannot be regarded as an inert ingredient when added 
to the diet of rats. It has been shown to exert an effect on liver weight and 
to decrease the liver reserves of vitamin A under a variety of conditions. The 
possibility of producing symptoms of vitamin A deficiency should be considered 
in the administration of sodium bentonite to rats for a prolonged period 
of time. 


References 


1. LAUGHLAND, D. H. and Puiiiips, W. E. J. Can. J. Chem. 32: 610. 1954. 
2.- WEIL-MALHERBE, H. and WeEtss, J. J. Chem. Soc. 2164. 1948. 








IMPORTANCE OF THE VASCULAR FACTOR IN THE 
ETIOLOGY OF POSTHISTAMINIC GASTRIC 
ULCERS IN GUINEA PIGS! 


By KonstANty KOWALEWSKI 


Abstract 


Large doses of histamine cause gastric hyperacidity and ulceration in guinea 
pigs. Colchicine prevents the hyperacidity but not the ulceration; posterior 
pituitary extract prevents the ulceration but not the hyperacidity. These 
findings suggest that the vascular component of the gastric response to histamine 


is more important than the secretory component for the genesis of histamine 
ulcers. 


Introduction 


The protection of guinea pigs by the antihistaminic drug R.P. 3277 
(Phenergan) permits the injection of very large doses of histamine which 
result in the production of gastric ulcers in all treated animals under certain 
experimental conditions (4, 7, 13). However, the exact mechanism of post- 
histaminic ulcerigenesis is not satisfactorily explained. 

Some of the previous work has emphasized the importance of a peptic 
factor in the etiology of posthistaminic gastric ulcers (8). This explanation 
may be supported by the fact of the posthistaminic hypersecretion of a very 
acid gastric juice (3, 12). On the other hand, a vascular factor has been 
considered as an essential cause of gastric lesions following the administration 
of histamine to experimental animals (4, 10, 13, 14). 

The vascular reaction to histamine was described in detail by the students 
of histaminic shock (5). A response to histamine which should especially 
interest an investigator of posthistaminic lesions in the gastrointestinal tract 
is the extreme dilatation of the splanchnic vessels. The loss of tone by the 
capillaries, the slowness of circulation (approaching stagnation), and the 
excessive permeability of vessels are only a few of the components of the 
well-known posthistaminic vascular reaction and contribute to the stagnant 
anoxia of the tissue. It seems probable that this vascular response may 
diminish the natural resistance of the gastric mucosa to the peptic activity of 
the gastric juice. The resulting ulcers may be due initially to this post- 
histaminic vascular reaction rather than to the hypersecretion of the acid. 

Previous investigations into the vascular factor concerned in posthistaminic 
gastric response in man and animals indicated that the pituitary pressor factor 
may be utilized to neutralize the posthistaminic vascular reaction (1, 2). It 
was shown that if the posterior pituitary extract was injected into guinea pigs 
before the administration of ulcerigenic doses of histamine, gastric ulcers did 
not appear, even in the presence of hypersecretion of a very acid gastric juice 
(10, 9). Those results seemed to demonstrate the importance of a vascular 
factor in the etiology of ulcers under the described experimental conditions. 


1 Manuscript received June 30, 1954. 


Contribution from McEachern Cancer Research Laboratory and the Department of 
Surgery, University of Alberta, Edmonton, Alberta. 
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In the present paper, further evidence is presented of the importance of the 
posthistaminic vascular response in the genesis of mucosal lesions in guinea pigs. 

In order to eliminate the secretagogue effect of histamine without changing 
the vascular response, a drug having a direct action on the cells of the gastric 
mucosa was selected. The alkaloid colchicine has such a direct action on the 
cellular structure, and not only arrests the mitotic activity of cells (6) but 
also seems to affect their secretory function (11). This inhibiting effect of 
colchicine on the oxyntic cells of the stomach was recently demonstrated in a 
study on pigeons (11). The secretagogue effect of histamine and of substances 
acting by the liberation or production of histamine may be inhibited by 
this alkaloid (11). 

The present study was undertaken to determine whether inhibition of 
posthistaminic secretion by colchicine modified the occurrence of gastric 
lesions in guinea pigs treated with ulcerigenic doses of histamine. 


Experimental 


Sixty male guinea pigs from our own colony, fed on commercial pellets and 
vegetables, and weighing from 420 to 651 gm., were divided into five equal 
groups. All animals were fed only water during the 30 hr. preceding their 
sacrifice. Group 1 received no treatment and served as a control group. 
The animals of group 2 received two injections of colchicine (U.S.P. XI) 
subcutaneously in a dosage of 500 ugm. per kgm. of body weight, 48 and 24 hr. 
before their sacrifice. Group 3 was treated with histamine in doses which had 
previously proved to be sufficient to provoke the gastric ulcers in guinea pigs 
(9). On the morning of the experiment, each animal of this group received a 
subcutaneous injection of Phenergan (Poulenc) in a dosage of 30 mgm. per 
kgm., followed in 30 min. by histamine dihydrochloride (Roche) given 
intramuscularly in a dosage of 75 mgm. per kgm. The animals were sacrificed 
four hours after the injection of histamine. Group 4 was treated with 
colchicine in the same way as group 2, and with histamine in the same way 
as group 3. The animals of group 5 received the same treatment as the 
third group, but in addition they were injected subcutaneously with posterior 
pituitary extract (Infundin, Burroughs Wellcome) in a dosage of 30 units per 
kgm. exactly 10 min. before the histamine injection. 

The animals were sacrificed under ether anesthesia, their stomachs were 
removed, and the content was collected for the analysis of free acid. Each 
stomach was then opened along the greater curvature, fixed on a flat board, 
and examined under the dissecting microscope (X 10), so that mucosal lesions 
could be noted. After this examination, each stomach was placed in Bouin’s 
solution for histological study. No attempt was made to measure the volume 
of the gastric content, but the free hydrochloric acid was measured with 
Topfer’s reagent as an indicator. 

As a detailed report on the histology of posthistaminic gastric ulcers in 
guinea pigs was presented in a previous study (10), there will be no discussion 
of this matter in this paper. 
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Results and Conclusions 


At laparotomy the stomachs of the animals treated with histamine alone 
(group 3), or with colchicine and histamine (group 4), were diffusely reddened 
with the vascular network very prominent. Multiple red spots under the 
serosa, most numerous in the area of the greater curvature, corresponded 
usually with the mucosal ulcers. Although the congestion of stomach and 
intestines was comparable in both groups, one difference was easily noted at 
laparotomy: only the stomachs of group 3 (histamine) were very distended. 
It was evident that the secretion of gastric juice in the animals treated with 
colchicine was very scanty. On the other hand, colchicine did not prevent 
the posthistaminic vascular reaction as judged by the appearance of very 
congested stomachs in groups 3 and 4. 

The stomachs of animals treated with colchicine only (group 2), and with 
posterior pituitary extract (group 5) did not differ macroscopically from those 
of the normal control animals (group 1). 

All the animals of groups 3 and 4 had visible gastric ulcers, but no gastric 
lesions were found in the other groups. Thus, the previous finding (10, 9) 
that posterior pituitary extract prevents posthistaminic gastric ulcers was 
confirmed. 

Table I and Fig. 1 summarize the results of this experiment. It may be 
seen that colchicine inhibits the secretion of free hydrochloric acid even in the 
presence of very high doses of histamine. The values of free hydrochloric 
acid in the animals treated with colchicine and histamine were similar to those 
found in norma! fasting guinea pigs. No free hydrochloric acid was found 
when colchicine alone was given. It is to be noted that this inhibition of 
gastric secretion after colchicine did not protect the animals against post- 
histaminic gastric ulcers. 


TABLE I 


RELATIONSHIP OF FREE HCl OF GASTRIC JUICE TO THE ACUTE GASTRIC 
ULCERS IN VARIOUS EXPERIMENTAL CONDITIONS 














Body weight in grams Free HCl, m.e. /liter Acute 

. gastric 

Group Treatment ae * ulcers 

animals ‘ 

Mean Range Mean (S.D.) Range in % of 

animals 
1 None (control group) 12 519.1 420-640 22.0 + 2.8 17-27 0 
2 = |Colchicine 12 561.5 430-651 0 0 0 
3 Histamine 12 586.0 542-626 9.7 + 11.1 76-120 100 
4 Colchicine and histamine 12 556.5 482-650 21.5 + 8.7 10-39 100 
5 Post. pituitary extract 12 518.3 423-634 96.1 + 14.6 74-131 0 

and histamine 
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Fic. 1. Comparison of the importance of vascular and secretory reaction in the 
etiology of posthistaminic gastric ulcers. 


On the other hand, the animals treated with posterior pituitary extract had 
very high gastric acidity but did not develop gastric lesions. This may be 
explained by the fact that colchicine has a direct action on the secreting cells, 
but does not provoke a-vascular reaction as the pituitary pressor factor does. 
Colchicine acts against only posthistaminic hypersecretion, but posterior 
pituitary extract apparently prevents only the posthistaminic vascular 
reaction. This vascular reaction seems to be the essential factor in the 
etiology of posthistaminic gastric ulcers. 


References 


. ConarD, V. and KowaLewsk1, K. Acta Gastro-Enterologica Belgica, 12 :597. 1949. 
. ConaRD, V. and KowaLewsk!, K. Compt. rend. soc. biol. 144 : 292. 1950. 


. CONARD, V., KowALEwskI, K., and VAN GEERTRUYDEN, J. Acta Gastro-Enterologica 
Belgica, 12 :545. 1949. 


. Costa, G. and Marconi, R. Minerva chir.4:1. 1949. 

. Dace, H. H. and Larpiaw, P. P. J. Physiol. (London), 52: 355. 1919. 
Dustin, A. P. Arch. biol. (Liége), 54:111. 1943. 

. HALPERN, B. N. and Martin, J. Compt. rend: soc. biol. 140: 83. 1946. 


. Hay, L. J., Varco, R. I., Cope, C. F., and WANGENSTEEN, O. H. Surg. Gynecol. Obstet. 
75:170. 1952. 


9. KOWALEwWSKI, K. Can. J. Biochem. Physiol. 32 :553. 1954. 
10. KowALEwskI, K. and Barn, G. O. Acta Gastro-Enterologica Belgica. 17 : 539. 1954. 
11. Koskowsk1, W. and Maurouz, M. J. Pharmacol. Exptl. Therap. 109 : 361. 1953. 


12. KowALewsk1, K., ConarpD, V., and VAN GEERTRUYDEN, J. Compt. rend. soc. biol. 
144:29. 1950. 


13. Marconi, R. and Costa, G. Arch. sci. med. 74:1. 1949. 
14. RouLtet, F. Schweiz. med. Wochschr. 75 :912. 1945. 


aoa wr — 


OnNnnm 








604 


SIMULTANEOUS DETERMINATION OF KYNURENINE AND 
p-PHENETIDINE IN HUMAN URINE! 


By M. Spacek 


Abstract 


A simple, sensitive, fairly specific, and accurate procedure is described for the 
simultaneous quantitative determination of kynurenine and p-phenetidine 
in human urine. It is based on alkaline decomposition of kynurenine and 
conjugated p-phenetidine to yield o-aminoacetophenone and p-phenetidine, 
respectively. 


Introduction 


Although kynurenine was discovered (6) and correctly identified (1) long 
ago, very little has been known about its significance in humans. In spite of 
claims of several investigators, e.g. Kotake (8), it has been doubtful, until 
recently (3, 4, 11, 12), if it occurs in human urine at all. 

This unsatisfactory state of things was probably due to lack of sufficiently 
sensitive and specific analytical methods. Kotake’s first communication (8) 
includes rather incredible figures, obtained with an obviously nonspecific 
method. Although this has been recognized and an attempt made by the 
same author (7) to improve the specificity of his procedure, the method still 
remains unsuitable for studies in humans. The colorimetric method of Otani, 
Nishino, and Imai (9) appears more specific, but it is not nearly sensitive 
enough for human physiology. Of course, direct spectrophotometry can be 
used only when concentration of kynurenine is high enough to make negligible 
the interference of other absorbing substances, as in the im vitro experiments 
of Knox (5). Finally, the earlier results of Spatek and those based on 
chromatography (3, 8, 11) can be regarded only as semiquantitative. 

A more specific, more sensitive, and fairly accurate method will be described 
here. It was found during the work that it can be used also for simultaneous 
determination of an unrelated compound, p-phenetidine, which is not in- 
frequently found in human urine, apparently as a conjugate.* 


Experimental 
Principle 
Kynurenine is converted, by boiling with sodium hydroxide, into o-amino- 
acetophenone, which is gradually distilled away and estimated spectrophoto- 
metrically in an ethereal extract. At the same time, p-phenetidine is 
liberated from the conjugate and estimated along with aminoacetophenone. 


Reagents 
1. Sodium hydroxide. 
2. Ethyl ether, C.P. 
1 Manuscript received March 25, 1954. 


Contribution from the Department of Health and Welfare, Charlottetown, P.EI. 
* To be published. 
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Apparatus 
1. All-glass distilling apparatus, consisting of a 2 liter flask and a short 
Friedrich or Graham condenser. 
2. A 100 cc. mixing cylinder or separatory funnel. 
3. Spectrophotometer with a range at least 290-370 my, preferably with a 
rectangular cell, such as the Beckman DU model. 


Procedure 


Urine is collected in an unpreserved state or slightly acidified. Into the 
distilling flask, 100 ml. are measured; if a high absorption is expected, 25 or 
50 ml. are measured and the volume made up to 100 ml. with tap water. 
Then 10-15 gm. sodium hydroxide are dissolved in the sample. Using a 
preheated oil or metal bath, 50 ml. are distilled into the cylinder. The use of 
an electric hotplate always set at the same rate is recommended. The 
distillate is extracted with 15 ml. of ether and extinction (optical density) is 
determined at 296, 308, 320, and 360 my at least. 


Calculation 

Mgm. kynurenine per 100 ml. = k3g0 X 0.59. 
R360 is the extinction coefficient at 360 mu. 

Mgm. p-phenetidine per 100 ml. = 1.35 X (2 Raos — hese — R20) 
R3os is the extinction coefficient at 308 my, 
kao “cc “ “ 296 my, 
Rx |“ 7 ” 320 mu. 

Derivation of the formula is given later in the paper. 


Discussion 

Stability of Urine 

Kynurenine content does not change appreciably during a few days even 
if urine is stored at room temperature. Slightly acidified urine kept in the 
icebox remains unchanged in this respect almost indefinitely. Phenetidine 
cannot be determined reliably on older samples, as evidenced not only by 
changing analytical values but also by deformation of the corresponding 
absorption curves. Table I illustrates the conclusions. 











TABLE I 
Expt. No. Mgm. kynurenine per 100 ml.: 0.1; after 3 days: 0.13 
769 7 i a 
604 ” of7; * 7 - £55 
859 Mgm. phenetidine per 100 ml.: 1.48; “ 1 “ 1.55 
781 Ls ~*~ 2." Oe 


653 " a; “2 * ies 
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Concentration of Sodium Hydroxide 


The amount and quality of the distilled products depend in the first place 
on the concentration of sodium hydroxide. Below 5% original concentration 
of sodium hydroxide, hardly any aminoacetophenone is formed. As it 
happens, the same holds for p-phenetidine. Increase over 10% does not 
bring about any improvement in the amount of the bases removed (Table IT). 
More than 20% seems to lead to interfering reactions. On the whole, the 
concentration of sodium hydroxide should be over 10%, but it is not critical. 
Measuring sodium hydroxide with a suitable spoon gives sufficient accuracy. 














TABLE II 
Concentration of NaOH, % 
Expt. No. 
2 + 2 8 10 20 
607 Mgm. kynurenine per 100 ml. 0.58 0.62 0.63 
616 Mgm. kynurenine per 100 ml. 0.69 0.73 
106 Mgm. phenetidine per 100 ml. (from 
phenacetine) 0.70 1.35 1.38 
108 Mgm. phenetidine per 100 ml. (from 
conjugate) 1.52 1.61 1.64 
855 Mgm. phenetidine per 100 ml. (from 
conjugate) 0 0.63 1.27 1.47 1.40 








Distillation 

Fractional distillation demonstrates that the bases begin to distill only 
after a few minutes’ boiling. If the distillation is carried out too slowly 
(during more than one-half hour), there is partial destruction resulting in 
lower yields. About three quarters of the distillable products are recovered 
if one third of the original volume is distilled away. Further distillation 
increases the yields slowly. Since the yields can be well reproduced, it is 
impractical to attempt a quantitative distillation. If 50 ml. of distillate is 
collected, the yield is both sufficiently constant and nearly quantitative. An 
all-glass apparatus with a wide tube connecting the flask with condenser is 
essential. Otherwise, the yields will be much lower and variable. 


Extraction of Distillate 

Concentrations of the two bases in the distillate are often too low to allow 
accurate photometric measurements. Since the bases can be extracted from 
the alkaline distillate quantitatively with numerous organic solvents, con- 
centration can be effected easily. 

Ethers were found advantageous in several respects. The absorption of 
the two bases is slightly stronger in this medium than in more polar solvents. 
Also, the maximum of phenetidine is brought into the more accessible range 
of the ultraviolet. An interfering substance absorbing at 338 my in ammonia 
does not appear in ether. 


SPACEK: DETERMINATION OF KYNURENINE AND p-PHENETIDINE 607 


Isopropyl ether would be a better solvent than ethyl ether, because of its 
lower volatility and lower solubility in water. This makes the analytical 
values easier to reproduce. The cheaper ethy] ether was finally chosen because 
the extracts were needed also for isolation of the distillation products, and 
ethyl ether is much easier to remove. 


Precision and Calibration 


Known amounts of kynurenine and, as a source of phenetidine, phenacetine, 
were distilled as described. The results, shown in Tables III and IV, demon- 
strate a linear relationship between concentration and photometric readings. 
The average deviation from straight line was 6% for kynurenine and 6.5% 
for phenetidine, a satisfactory precision. 

The tables may be directly used for construction of empirical calibration 
curves but they also allow a comparison between the true concentrations and 
those calculated from the optical densities (extinctions). 

The molecular extinction coefficient of o-aminoacetophenone at 360 my 
was found to be 4.37 X 10° for ethereal solution, somewhat higher than 
Butenandt’s 3.55 X 10° for alcoholic solution (1). The molecular extinction 
coefficient of p-phenetidine at 308 my for ethereal solution was determined 
as 2.62 X 10%. 

Tables III and IV show very high over-all yields for kynurenine but some- 
what lower for phenetidine, when calculated directly from the observed 
extinction and the molecular extinction coefficient. 


TABLE III 








Concentration 

















True concentration calculated from R360 % Yield 
of kynurenine, extinction, 
mgm. per 100 ml. mgm. per 100 ml. 
0.04 0.046 0.078 114.5- 
0.08 0.07 0.118 87.5 
0.16 0.14 0.235 87.5 
0.32 0.29 0.492 91 
0.64 0.63 1.060 98 
TABLE IV 
True Concentration Conc. Conc. 
concentration R308 R32 hove calc. from 0 calc. calc. 
‘of p-phenetidine, extinction, Yield from (1) from (2) 
mgm. per 100 ml. mgm. per 100 ml. 
0.38 0.643 0.455 0.560 0.36 95 0.45 0.35 
0.76 1.085 0.750 0.905 0.61 80 0.76 0.70 


1.90 2.780 1.860 2.310 1.58 83 2.00 1.85 
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Direct calculation from optical density (extinction) will lead to almost 
correct results for kynurenine, because the almost quantitative conversion of 
kynurenine to aminoacetophenone, and the nearly quantitative distillation of 
aminoacetophenone, are largely compensated by other absorbing substances 
from urine. Calibration with known quantities of kynurenine is recommended 
but not strictly necessary. Correction for interfering substances would be 
necessary only when the absorption is so low that the maximum of o-amino- 
acetophenone (360 my) is not clearly developed. This may happen with 
normal urine and it is then best to consider kynurenine as being absent. 

If a sharp peak at 308 my is developed, concentration of phenetidine can be 
calculated from optical density. Since neither the splitting nor the distillation 
are quantitative, an empirical factor has to be used. The formula then is: 
[1] mgm. phenetidine per 100 ml. = 0.7 X Raos. 


% 
Interference of other substances at 308 my is often sufficient to make a 


correction necessary. This can be done by assuming that there is a linear 
change of the nonspecific absorption between two points placed symmetrically 
around the maximum, e.g. 296 and 320’myu. The following formula can 
then be derived: 


mgm. phenetidine per 100 ml. = (2k30s — kos — Rsoo) X 1/{2€[1—4(x+y)] f} 


where k30s, R320, kos are the extinction coefficients of the urine preparation for 
the particular wave lengths, i.e. the optical densities divided by the cell 
thickness, 


€ is the extinction coefficient of a 1 mgm. per 100 ml. ethereal solution of 
pure p-phenetidine at 308 my, 
x is the ratio of the observed extinction coefficients at 296 and 308 mu, 
y is the corresponding ratio for 320 and 308 my, 
and f is a partially empirical factor including the concentration of the 
material during the procedure and the proportion of phenetidine that can be 
distilled. 


When all the numerical factors are contracted, we obtain: 


[2] mgm. phenetidine per 100 ml. = 1.35 X (2 Rsos — Rso0 — Roos) . 


Specificity 

For the procedure to be ideally specific for kynurenine and the phenetidine 
conjugate, the following is implied. First, that no other substances can occur 
in human urine, which will give, under the conditions of the procedure, 
o-aminoacetophenone and p-phenetidine, respectively. Second, that no 
substances other than the two bases can occur in the ether extract of the 
distillate, which will absorb at 308 my and 360 muy, respectively. 

Few substances can be expected to yield o-aminoacetophenone by the 
alkaline splitting. Acetyl- and formylkynurenine seem chemically and 
biologically possible (2), but they have not been isolated yet from human 


YTS > 


YTS > 
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urine. Tabone described liberation of o-aminoacetophenone from tryptophan 
(13). His objections against the use of the alkaline splitting for determination 
of kynurenine have already been dealt with (12). The interference of 
tryptophan can be disregarded, mainly because even the largest described 
concentrations of tryptophan (10) will give less aminoacetophenone than is 
commonly found in normal urine distillates. 

The absorption maximum of 0-aminoacetophenone (360 my) lies so near 
the visible range that few other volatile compounds can possibly absorb 
in that region. Distillation as described was carried out with a few 
substances, none of which gave o-aminoacetophenone or a similarly absorbing 
derivative: oxykynurenine, anthranillic acid, o-nitrophenyl-a, y-dioxybutyric 
acid, nicotinic acid, nicotinamide, pyridoxine, isatine. Traces of 0-oxyace- 
tophenone and 2-oxyquinoline were found in a distillate prepared in the 
above manner. These would interfere, but only in very large concentrations. 

In conclusion it may be said that the procedure described here is probably 
rather specific for kynurenine. The lesser specificity for phenetidine can be 
improved by using the correction suggested above. 
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THE ADSORPTION OF VITAMIN A BY SODIUM BENTONITE!:? 
By D. H. LAUGHLAND AND W. E. J. PHILLIPS 


Abstract 


A study has been made of the reaction whereby a blue adsorption complex is 
formed when an organic solvent solution of vitamin A is added to sodium 
bentonite. In addition to a physical adsorption of the vitamin on sodium 
bentonite a chemical alteration occurs in the vitamin A molecule which results 
in the formation of anhydro vitamin A. The adsorbed material may be removed 
from the sodium bentonite by extraction with diethyl ether but the blue color 
is dissipated and a secondary reaction product is formed. This latter compound 
exhibits the characteristics of triene conjugation and exhibits maximum absorp- 
tion at about 290 my. Equations have been developed for the spectrophoto- 
metric analysis of the binary mixtures encountered in the reaction and satis- 
factory agreement has been obtained between calculated and observed values. 


Introduction 


It was recognized many years ago by Takahashi and Kawakami (5) that 
conjugated polyene pigments were adsorbed by acid earths and that a blue 
reaction product was formed. Zechmeister and Sandoval (8) demonstrated 
that in the case of phytofluene the reaction was irreversible since the material 
eluted from the column did not possess the original absorption curve. The 
blue adsorption product which resulted from the treatment of vitamin A with 
an acid clay was eluted with alcohol by Meunier and Vinet (3). It was 
suggested that this substance, which had an absorption maximum at 330 my, 
was a diether formed by the elimination of one mole of water from two moles 
of vitamin A. Weil-Malherbe and Weiss (7) studied the colored reaction 
products formed between a number of alumino-silicate materials and various 
compounds possessing a conjugated double bond structure. It was concluded 
that color formation with vitamin A results from the ability of a conjugated 
system to donate an electron to the acid clay and form an easily hydrolyzed 
salt. 


Experimental 


Methods 

In general, the procedure which was followed in this work was to add a 
Skellysolve B (Skelly Oil Co., Kansas City, Mo.) solution of vitamin A to a 
suitable amount of sodium bentonite and to let the mixture stand in the dark. 
Excess vitamin A was removed by extracting the sodium bentonite with 
Skellysolve B. Diethyl ether was found to be an effective solvent for the 
elution of the product from the adsorbent. The blue color of the adsorption 
complex was immediately dissipated upon the addition of ether to the 
bentonite and the product was obtained as an orange colored oil. 


1 Manuscript received June 22, 1954. 


Contribution No. 261, Chemistry Division, Science Service, Canada Department of 
Agriculture, Ottawa. ; 


2 A preliminary report on this work was given at the annual meeting of the Chemical 
Institute of Canada at Toronto in June 1954. 
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Measurements of light absorption were made in a Model DU Beckman 
spectrophotometer by employing the hydrogen discharge tube and silica cells. 
The vitamin A concentrate used in most of this work was a synthetic vitamin 
A acetate preparation of Distillation Products, Rochester, N.Y. and contained 
1.5 X 10°I.U. vitamin A per gram. The concentrate was saponified prior to 
its use in most of these experiments in order to remove irrelevant material. 


Formation of Adsorption Complex 

An indication of the rapidity with which vitamin A is removed from solution 
is given in Table I. Forty milliliters of Skellysolve B solution of vitamin A 
alcohol containing 21.22 wmoles (u M.) of the vitamin was added to various 
amounts of sodium bentonite. Each flask was shaken 100 times by hand and 
the suspension was centrifuged. The amount of vitamin A remaining in the 
supernatant was determined and the amount adsorbed was calculated by 
difference. 


TABLE I 


ADSORPTION OF VITAMIN A ALCOHOL BY SODIUM BENTONITE 

















Wt. of bentonite #M. of vitamin A alcohol % of total 
(gm.) Added Recovered Adsorbed adsorbed 
0.0 21.22 21.22 0.00 0.00 
0.2 21.22 17.72 3.50 16.49 
0.4 21.22 12.49 8.73 41.14 
0.6 21.22 8.86 12.36 58.24 
0.8 21.22 6.44 14.78 69.65 
1.0 21.22 3.72 17.50 82.47 








In all cases in which vitamin A was present, the sodium bentonite was 
colored a deep blue. It may be observed from these results that under the 
conditions specified above, most of the vitamin A present in solution was 
adsorbed by the sodium bentonite. 

Skellysolve B solutions of vitamin A acetate, alcohol, and palmitate were 
prepared to contain approximately the same number of uM. per ml. Aliquots 
of these solutions were added to 0.5 gm. samples of sodium bentonite and each 
flask was shaken 100 times by hand. The results in Table II indicate that the 


TABLE II 


ADSORPTION OF VITAMIN A ALCOHOL, ACETATE, AND PALMITATE ON SODIUM BENTONITE 


























Vit. A alcohol (uM.) Vit. A acetate (uM.) Vit. A palmitate (uM.) 
Added Ads./gm. Added Ads./gm. Added Ads./gm. 
3.66 5.36 3.32 2.74 3.64 2.44 
7.32 11.66 7.04 3.32 7.28 2.46 
10.98 16.08 10.56 5.08 10.92 2.84 

14.64 21.56 14.08 4.96 
18.30 26.48 17.60 5.80 18.20 3.80 
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adsorption affinity of sodium bentonite is greater for vitamin A alcohol than 
for either vitamin A acetate or palmitate. Later work indicated that the 
shaking procedure employed in this experiment was not sufficient to permit 
the attainment of equilibrium because the amount of solute adsorbed per gram 
adsorbent did not reach a constant value. 

The length of time required for equilibrium to be reached was determined 
by shaking samples of vitamin A acetate, palmitate, and alcohol with sodium 
bentonite for various periods of time. The results of an experiment in which 
aliquots of solutions of vitamin A alcohol, vitamin A acetate, and vitamin A 
palmitate were shaken with 0.5 gm. samples of sodium bentonite in a volume 
of 40.0 ml. Skellysolve B are shown in Fig. 1. The millimolar concentration 
of vitamin in the Skellysolve B solutions was 1.05 for the alcohol, 0.533 for 
the acetate, and 0.621 for the palmitate. The samples were shaken on a 
mechanical shaker and the amount of vitamin A adsorbed by the sodium 
bentonite was calculated by difference. These results indicated that the 
amount of vitamin adsorbed per gram of sodium bentonite reached a maximum 
at about 90 min. The data also demonstrated that the adsorption affinity 
of sodium bentonite is much greater for vitamin A alcohol than for the acetate 
or the palmitate. Similar data were obtained for B-carotene and it was 
found that the same time relationship prevailed although only about 5.0 uM. 
of B-carotene was adsorbed per gram of sodium bentonite under equilibrium 
conditions. 

An attempt was made to assess the adsorption affinity of sodium bentonite 
for vitamin A alcohol by the application of the Freundlich and Langmuir 
equations to the experimental data. At low concentrations of the vitamin it 
appeared that the requirements for these equations were met in a satisfactory 
manner. The amount of the vitamin adsorbed per gram of sodium bentonite 
was calculated by difference from the amount remaining in the supernatant 
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Fic. 1. Adsorption of vitamin A alcohol, acetate, and palmitate on sodium bentonite. 
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solution at equilibrium. It was observed, however, that results were not 
reproducible at high concentrations of the vitamin and it became obvious that 
the vitamin was undergoing a chemical change during the adsorption process 
in addition to being physically adsorbed on the bentonite. 


Mechanism of the Reaction 


The blue adsorption complex which is formed when a Skellysolve B solution 
of vitamin A alcohol is added to sodium bentonite can be removed with ethanol 
but much more readily by means of diethyl ether. When vitamin A is added 
at a concentration which is only slightly in excess of that required to saturate 
the adsorbent, then only unchanged vitamin A is found in the Skellysolve B 
fraction. If, however, the concentration of vitamin A is such that a large 
excess is present then the absorption maximum due to the vitamin is shifted 
to a higher wave length and additional maxima are evident. 

The Skellysolve B fraction, under these conditions, is composed of a mixture 
of vitamin A and anhydro vitamin A. Anhydro vitamin A, which is formed 
by the dehydration of vitamin A alcohol according to Shantz, Cawley, and 
Embree (4) possesses the absorption curve shown in Fig. 2. Curves are also 
shown for vitamin A alcohol and for a mixture composed of equal weights of 
the alcohol and anhydro forms of the vitamin. In a mixture of this type the 
absorption ratio A 370 myu/A 350 my is related inversely to the amount of 
vitamin A present in the mixture and may be used, in view of the negligible 
contribution of the alcohol form to the absorbancy at 370 my, as a reliable 
estimate of the relative proportion of the two forms present in a mixture. 
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Fic. 2. Absorption curve of vitamin A alcohol and anhydro form, 
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A number of experiments were carried out which differed with regard to 
the ratio of vitamin A to sodium bentonite and to the length of time the 
preparation was allowed to stand before removal of the supernatant fraction. 
It was not possible to reproduce the results of these experiments in a satis- 
factory manner until the nature of the mixture was realized and suitable 
equations applied for the estimation of the two forms of the vitamin. These 
considerations are illustrated by an experiment in which 71.5 mgm. of vitamin 
A alcohol, dissolved in 60.0 ml. of Skellysolve B, was added to 3.0 gm. of 
sodium bentonite. The sample was shaken on a mechanical shaker and 5.0 ml. 
aliquots were removed at various periods of time. The aliquot was centrifuged 
and the absorption curve of the supernatant fraction was determined in ether 
solution. These data are shown in Fig. 3. 
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Fic. 3. Skellysolve B extracts of sodium bentonite treated with vitamin A. 


The results indicate that the amount of vitamin A in the supernatant 
solution decreased with time and that the anhydro form was produced rapidly 
at first and then more slowly. This is evident from the decrease in the 
absorption due to vitamin A at 325 my and that attributed to the anhydro 
form at 370 my. It appeared that the curves were the resultant of a two 
component system which consisted of vitamin A alcohol and anhydro vitamin 
A. It is possible, using the absorption curves in Fig. 2 together with a value 
for the extinction coefficient of 3650 at 370 my for anhydro vitamin A and 
1750 at 325 my for vitamin A alcohol, to develop equations which permit the 
estimation of the amount of each component in a mixture. The specific 
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absorption coefficient is the same for the anhydro form and for vitamin A 
alcohol at 339 my and is equivalent to a value of 1260. The second wave 
length selected for the calculation was 325 my, the absorption maximum of 
vitamin A alcohol. The ratio A 325 mu/A 339 my was calculated to be 1.390 
for vitamin A alcohol and 0.508 for anhydro vitamin A. 
Let absorbancy at 339 my be x for the anhydro form and 
y for vitamin A alcohol, 

then x + y = A 339 mu 

0.508x + 1.390y = A 325 mp. 
These equations may be solved to give: 

x = 1.577 A 339 mp — 1.132 A 325 mp 
and y = 1.132 A 325 mp — 0.577 A 339 mu. 
Using the value E (1%; 1 cm.) 339 my = 1260 for both the anhydro form 
and vitamin A alcohol, these equations may be modified to give: 

ugm./ml. (anhydro form) = 12.51 A 339 mp — 9.0 A 325 my 

pugm./ml. (vit. A alcohol) = 9.0 A 325 mp — 4.58 A 339 my. 


Results 


It is possible by the use of these equations to calculate the amount ol 
vitamin A alcohol and anhydro vitamin A present in solution at any time 
after initiation of the reaction. The amount of anhydro vitamin A present in 
solution approximates the total amount of this component present in the 
reaction mixture because it has been demonstrated that anhydro vitamin A is 
physically adsorbed on sodium bentonite to only a slight extent under the 
conditions of these experiments. Although some absorption attributable to 
the anhydro form is found in samples of adsorbent removed from the reaction 
mixture prior to 10 min. after the initiation of the reaction, there is little 
evidence for the presence of the anhydro form after this time. The equations 
were applied to the data given in Fig. 3 and these results are shown in Table 
III. The amount of vitamin A which has been adsorbed either in the alcohol 
form or in the form of degradation products may be estimated by subtracting 
the weight of material in solution from that which was initially present. 


TABLE III 


THE FORMATION OF ANHYDRO VITAMIN A FROM VITAMIN A ALCOHOL 








Amount present 








Time Combined wt. Wt. of material 
(min.) porenren Alcohol of two forms adsorbed 
‘ (mgm.) (mgm.) (mgm.) (mgm.) 
0 0.00 71.50 71.50 0.00 
1 5.46 15.50 20.96 50.54 
5 8.46 8.83 17.29 54.21 
15 9.36 5.34 14.70 56.80 
30 7.56 4.32 11.88 59.62 
90 5.16 Le 8.88 62.62 
120 4.67 3.60 8.27 63.23 
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In order to test the validity of the procedure which has been described, the 
absorption curves were constructed for each of the mixtures given in Table III 
and reasonable agreement was found between the calculated and observed 
curves. The results of such a calculation for the 30 min. sample are shown 
in Fig. 4. 

The results indicated that the initial phase of the reaction was rapid and 
about 70% of the vitamin A alcohol was either physically adsorbed or con- 
verted to the anhydro within the first minute. The concentration of anhydro 
form in the supernatant fraction increased for about 15 min. and then decreased 
in amount whereas the vitamin A alcohol decreased with time throughout the 
entire two hour period. At the end of two hours it was calculated that about 
88% of the vitamin A alcohol had been removed from solution. 

It was pointed out previously that the adsorption of vitamin A alcohol on 
sodium bentonite resulted in the formation of a blue adsorption complex. 
The adsorbed material was not removed by Skellysolve B but could be readily 
extracted by means of diethyl ether with a dissipation of the blue color. 
Upon evaporation of solvent an orange colored oil was obtained which absorbed 
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Fic. 4. Observed and calculated curves for a mixture of the alcohol and anhydro forms 
of vitamin A. 


light most strongly in the region 200-300 my. Several samples of this 
material were prepared under a variety of conditions with respect to the ratio 
of vitamin A concentration to the weight of adsorbent and, although the 
absorption curves were dissimilar in some respects, there was an indication of 
a maximum at about 250 my and a more intense broad band at about 285-290 
my in each sample. It was concluded after further examination of these 
curves that they represented a mixture of vitamin A alcohol and a degradation 
product of the vitamin. This unidentified degradation compound has been 
referred to as ‘‘product” in the text. The product could be precipitated from 
diethyl ether solution by the addition of ethanol and the absorption curve for 











LAUGHLAND AND PHILLIPS: ADSORPTION OF VITAMIN A ; 617 


09 


O8 Ff: 


0.7 


ABSORBANCY 
9 9° 
w fo) 


Oo 
h 


Oo 
W 


a2 





0.1 + 








1 = | 1 L lL l lL i J 
220 240 260 280 300 320 340 360 380 400 
alm) 


Fic. 5. Product extracted from bentonite. 


this orange product is given in Fig. 5. Preliminary studies have indicated a 
melting point of 131° with decomposition. The extinction coefficient was 
calculated to be 376 at 290 my and 311 at 260 my. 

During the course of the removal of solvent under vacuum from a crude 
ether extract of sodium bentonite product it was found that the sample 
crystallized spontaneously. The absorption curve of this material resembled 
that of subvitamin A which has been described by Embree and Shantz (1). 
Subvitamin A appears to have a lower extinction coefficient than the product 
described in this paper. Moreover, the intensity of absorption below 250 
my is greater for subvitamin A than it is for the product. Oxygen was 
bubbled through an ethanol solution of this material maintained at 70° C. for 
30 min. and the effect of this treatment is shown in Fig. 5. Treatment with 
oxygen under these conditions did not materially influence the shape of the 
absorption curve except at wave lengths below 250 my. It was observed 
that under conditions of destruction by light the product changed from orange 
through yellow to a cream color and that it became insoluble in diethyl ether. 

Equations were developed to test the hypothesis that the curves for the 
ether extract represented a mixture of product and vitamin A alcohol. It 
may be observed from the curve for the product that the absorbancy at 260 
my was equivalent to that at 325 my. Employing a value for the ratio A 
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260 mu/A 325 my of 1.000 for the product and 0.156 for vitamin A alcohol 
in ether solution, equations were developed for the analysis of the binary 
mixture. These equations were: 


pgm. vit. A alcohol/ml. = 6.77 (A 325 mu — A 260 mp) 


ugm. product/ml. = 38.17 A 260 my — 6.01 A 325 my. 


These equations were applied to the absorption data for the ether extracts 
of product which were obtained using seven different types of bentonite. 
Twenty-five milliliters of Skellysolve B containing 15.5 mgm. of vitamin A 
alcohol was added to 300 mgm. of bentonite and the samples were allowed to 
stand with frequent stirring for 30 min. The samples were centrifuged and 
the Skellysolve B supernatant solution was removed. The residue was 
treated twice with 25.0 ml. diethyl ether and allowed to stand 30 min. before 
centrifuging. It was possible to demonstrate reasonable agreement between 
the observed curve for product and the reconstructed curve which was obtained 
for a mixture of product and vitamin A. The composition of the mixture was 
predicted from the equations given above. It would appear, therefore, that 
the absorption curve given in Fig. 5 closely approximates that of the unstable 
product. 

The results of this work are shown in Table IV where the calculated values 
are given for vitamin A alcohol and anhydro vitamin A in the Skellysolve B 
solution and vitamin A alcohol and product in the ether extract. The differ- 
ence between weight of material recovered in these three components and 
that of the vitamin A alcohol originally added represents the amount of 
material still adsorbed on the bentonite. It should be pointed out that the 
bentonite was not exhaustively extracted with diethyl ether and more of the 
adsorbed material would be extracted under more rigorous conditions. It was 
observed that the blue color of the adsorbent was most intense in samples 4 
and 6 in which the concentration of anhydro vitamin A was greatest. The 


TABLE IV 


RECOVERY OF VITAMIN A ALCOHOL, ANHYDRO VITAMIN A, AND PRODUCT FROM BENTONITES 























a Skelly solution | Ether solution Total Total | 
Sample | Anhydro Alcohol | Alcohol Product > a 4 ss Adsebed 

| (mgm.) (mgm. ) | (mgm. ) (mgm. ) — — 

| 
1 | 0.35 9.30 | 0.31 1.84 11.80 | 5.85 37.8 
2 0.25 10.40 0.34 0.84 11.83 4.85 Ss. 
3 0.10 9.50 | 0.18 2.04 11.82 5.90 38.0 
4 0.55 6.80 | 0.26 3.48 11.09 8.15 $2.5 
5 } 0.20 9.60 | 0.48 4.62 14.90 5.70 36.8 
6 Re 4.65 0.24 2.15 8.79 9.10 | 58.7 
7 | 0.25 5.00 0.36 2.40 8.01 10.25 | 66.1 





* Difference between material added and that removed in Skelly fraction. 
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results suggest that vitamin A alcohol undergoes dehydration in the presence 
of bentonite to yield anhydro vitamin A which forms a blue adsorption 
complex. The sodium bentonite used in all other experiments reported in 
this paper is designated as sample 7 in Table IV. 

Data for the chemical analysis of six of the bentonite samples are given in 
Table V. Samples 4 and 6 in Table IV, in which the blue color of the adsorp- 
tion complex was most intense and which yielded the greatest amount of 
anhydro vitamin A, appear to be low in their content of Na,O. It is not 
definite from these results, however, that a distinction can be made between 
the so-called calcium and sodium bentonites on the basis of their relative 
ability to form anhydro vitamin A from vitamin A alcohol. This ability may 
be related more properly to the mineral rather than chemical composition of 
the bentonite. 

TABLE V 


PERCENTAGE COMPOSITION OF BENTONITE SAMPLES 

















, Sample number 
Chemical constituent 

1 3 4 5 6 7 
SiO, 60.96 52.52 50.95 57.49 51.69 65.79 
Al.O; 18.27 16.10 16.54 20.27 18.65 19.40 
Fe.0; 2.25 0.51 1.36 2.92 4.00 3.15 
FeO 0.14 0.26 0.26 0.19 0.23 0.42 
MgO 2.96 5.69 4.65 3.18 1.64 2.40 
CaO 0.10 0.47 2.26 0.23 0.29 0.94 
Na,O 1.44 0.82 0.17 1.32 0.08 2.10 
K,0 0.31 0.23 0.47 0.28 0.17 0.62 
H,0* 6.56 8.16 8.28 6.85 7.89 os 
H.OFf 6.78 14.68 15.01 76.3 14.82 _— 
TiOz 0.08 0.16 0.32 0.12 0.16 0.16 





* Water believed to be incorporated in crystal lattice. 
+ Water which is removed during heating to 300° C. 


Discussion 


The experimental data which have been described are believed to be com- 
patible with the following theory concerning the formation of a blue adsorption 
complex when a Skellysolve B solution of vitamin A alcohol is treated with 
sodium bentonite. Vitamin A alcohol undergoes dehydration in contact with 
sodium bentonite to yield anhydro vitamin A which forms the blue adsorption 
complex. Some of the vitamin A can, however, be physically adsorbed 
without being converted to the anhydro form. The unstable anhydro form 
undergoes a further change to yield an unidentified product which absorbs 
light most intensely at 290 my. The fact that vitamin A palmitate and 
acetate also give a blue adsorption complex may be attributable either to 
hydrolysis of the esters in the presence of sodium bentonite, or to the presence 
of small amounts of vitamin A alcohol which occur as a contaminant in the 
commercial ester preparations. Hawkins and Hunter (2) have suggested that 
a terminal hydroxyl group is essential for anhydro formation. 
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The unstable product has not been identified. It resembles the subvitamin 
A described by Embree and Shantz (1) but the extinction coefficient of their 
material was considerably lower than that provisionally calculated for the 
product, and subvitamin A exhibits a greater intensity of absorption below 
250 my than the product does. 

Vinet and Meunier (6) have described a compound which possessed an 
absorption maximum at 280 my with an inflection at 330 my and a secondary 
maximum below 245 my. This material was produced by the action of 
perphthalic acid on vitamin A acetate in the dark. The inflection at 330 mu 
was ascribed to the original system of five conjugated double bonds in 
vitamin A and the maxima at 280 my and below 245 my to triene and diene 
conjugation respectively. It is possible that the product extracted from the 
bentonite samples possesses a similar type of structure. 

Acid clays of the bentonite type are capable of effecting marked changes in 
the vitamin A molecule and the initial phase of the reaction may be employed 
as a useful means for the preparation of anhydro vitamin A. 
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THE ROLE OF ALKALINE PHOSPHATASE IN 
INTESTINAL ABSORPTION 


II. THE EFFECTS OF VARIOUS CARBOHYDRATES ON LEVELS OF 
THE ENZYME IN INTESTINAL MUCOSA! 


By JuLes TuBA AND NEstToR DICKIE 


Abstract 


Adult male rats were deprived of food for five days. Various groups of these 
animals were then offered cellulose or cellulose mixed with one of seven other 
carbohydrates. Six hours after food was placed before them, the animals were 
killed by decapitation, and a portion of the intestine from each rat was homo- 
genized. Intestinal alkaline phosphatase estimations indicated (1) that the 
activity of the enzyme was increased significantly by the ingestion of glucose, 
galactose, fructose, and mannose, whereas (2) there was not a statistically 
significant elevation of the enzyme level in those animals which had been fed 
cellulose, arabinose, xylose, or sucrose. This would appear to suggest that 
alkaline phosphatase is involved in the intestinal absorption of some mono- 
saccharides. 


Introduction 


Since Cori showed that the various monosaccharides are absorbed from the 
small intestine at different rates (1), various attempts have been made to 
elucidate the mechanisms involved. Verzar (13) advanced the theory that 
phosphorylation of hexoses is part of the absorption mechanism. This 
hypothesis has been strengthened by the recent work of Darlington and 
Quastel (2), also Hestrin-Lerner and Shapiro (6), with isolated loops of 
intestine, as well as by the findings of Hele (4, 5). 

Tuba and Robinson (12) found that rat intestinal alkaline phosphatase 
consists of (a) an adaptive or labile fraction which varies with the dietary 
state of the animal and (b) a nonadaptive fraction which is unaltered even.by 
prolonged fasting. The adaptive portion was shown to respond in the fasted 
animal to force-fed olive oil, and it thus appeared that the ingestion of fat 
served as a stimulus for the production of the enzyme. One must therefore 
assume that phosphatase participates in phosphorylation—dephosphorylation 
mechanisms which are involved in the absorption of fats. This method of 
investigation, which employs fasted rats, has been extended to consider the 
role of intestinal phosphatase in the absorption of other foodstuffs from the 
intestine. This report is concerned with the effect of the ingestion and 
absorption of various carbohydrates on levels of the enzyme. 


Experimental 


The animals used were adult male albino rats, which were kept in individual 
cages. Before each experiment they were maintained on an ad libitum diet 
of Purina fox checkers and water. After this stabilizing period, the rats were 


1 Manuscript received March 11, 1954. 
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fasted for five days, a period found to be suitable for obtaining a marked 
response in intestinal alkaline phosphatase levels to the ingestion of various 
dietary constituents. 

The manner of feeding a single carbohydrate to the fasted animals to test 
its effect on intestinal phosphatase levels caused a certain amount of difficulty. 
If the animals received the sugar in a hypertonic solution, which was blown 
into the esophagus through a pipette, the stomachs on autopsy were found to 
be grossly edematous, as had been noted by Cori (1). A number of dry, 
bulky carrying vehicles for the carbohydrates were tried next; non-nutritive 
finely powdered cellulose was finally chosen, because it was usually eaten 
quite readily by the fasted animals, and cellulose itself was found to have no 
effect on the enzyme levels. 

The fasted animals were offered 5 gm. of each of the diets indicated in 
Table I below exactly five days after they had been deprived of food. There 
were eight groups of animals used; a control group received 5 gm. of cellulose 
for each rat, and seven other groups were offered 3.5 gm. cellulose plus 1.5 gm. 
of a digestible carbohydrate per rat. The number of animals in each group 
varied from five to seven. The palatability of the diets was a factor which 
affected the rate of consumption, but, on the average, the food was entirely 
consumed in six hours. Animals which did not fall into this category were 
excluded from further investigation. 

An earlier experiment had been carried out to determine the time for 
maximum response of the intestinal alkaline phosphatase to the experimental 
diets. Animals were killed at 0, 2, 4, 6, 7, 9, and 11 hr. after 5 gm. of the 
glucose plus cellulose diet had been placed before them, and the intestinal 
enzyme levels were found to show maximum response in six hours. A 
corresponding group of animals which had been fed cellulose alone showed no 
elevation of the enzyme beyond the fasting levels. 

The animals referred to in Table I were killed by decapitation six hours 
after they were fed. The first 10 cm. of the intestine from the pylorus was 
removed from each animal and placed on crushed ice. A stream of distilled 
water from a wash bottle was passed through this excised portion of the 
intestine which was then carefully blotted dry with filter paper. Care had 
to be taken not to press too firmly on the filter paper, because the frail 
intestinal mucosa can be readily expressed in the process, and some practice 
was required to avoid this danger. The cleaned and dried intestine was then 
weighed, and homogenized with cold distilled water in a Potter glass homo- 
genizer. With the washings from the homogenizer, the total volume was 
roughly 100 ml.; and this was stored in a 250 ml. volumetric flask overnight 
in a refrigerator at 5° C. In the morning the homogenate was made up to 
volume, shaken, and a portion was centrifuged. An aliquot of the 
supernatant was diluted 10 times and the alkaline phosphatase activity was 
determined at once. 

Levels of the enzyme were determined by the micromethod of Shinowara, 
Jones, and Reinhart (8), as modified by Gould and Schwachman (3). The 
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unit of phosphatase activity is defined as equivalent to 1 mgm. of phosphate 
ion liberated during one hour of incubation at 37° C. with a substrate contain- 
ing sodium £B-glycerophosphate, hydrolysis not exceeding 10% of the 
substrate, and at pH 9.3 + 0.15 (7). 


Results 


The levels of intestinal alkaline phosphatase for the groups of fasted rats 
which received the eight different diets are given in Table I. Also includéd 
are the results of statistical analyses. It should be noted that the control 
values, with the animals which received cellulose alone, are of the order of 
magnitude that we always obtain with fasting rats (7). 


TABLE I 
EFFECT OF FEEDING VARIOUS CARBOHYDRATES ON INTESTINAL ALKALINE PHOSPHATASE 
LEVELS OF RATS FASTED FOR FIVE DAYS 


Standard error of the mean is indicated for enzyme values 


Statistic ally significant differences between the control group (cellulose alone) 
and other groups are indicated 








Intestinal alkaline 








Diet Number phosphatase, units per Value Value 
of rats 100 gm. tissue on *“e" ar’ 
Cellulose only 7 3,970 + 510 — — 
Cellulose plus sucrose 6 5,140 + 300 1.953 -- 
Cellulose plus glucose 6 10,1909 + 650 5.640 < 0.01 
Cellulose plus galactose 5 6,600 + 470 3.752 < 0.01 
Cellulose plus fructose 7 6,480 + 730 2.823 < 0.02 
Cellulose plus mannose 7 7,800 + 1,250 2.836 < 0.02 
Cellulose plus arabinose 6 4,650 + 630 0.829 — 
Cellulose plus xylose 5 5,880 + 750 2.089 — 





One striking trend which is obvious from the data in Table I is that the 
hexoses, glucose, galactose, fructose, and mannose stimulate significantly the 
production of the intestinal enzyme. This response to ingested sugar is most 
markedly demonstrated in the case of glucose, which was found by Cori (1) to 
be rapidly absorbed from the intestine of intact animals and by Darlington 
and Quastel (2) from isolated intestinal loops. The effect of galactose also is 
highly significant, but not as one might have expected (1, 2) more significant 
than that of glucose. However, the relative palatability of the diets is a factor 
which could enter into this. Indeed, a drawback to our method of feeding the 
carbohydrates is the length of time required by the animals to consume their 
5 gm. portions, which with some sugars took longer than others. However, 
it is our feeling that the method offers compensatory features, and in addition 
the general trend of results approximately parallels those reported by Cori. 
This is further shown by the two pentoses, arabinose, and xylose, which did 
not significantly stimulate the production of the enzyme in the fasted rats. 
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Finally, there is the matter of the lack of a statistically significant effect of 
sucrose on phosphatase, which is noted in Table I. One possible factor which 
could account for this would be the lack of hydrolysis of sucrose in the intestine 
of fasted rats. Hence, sucrase activity was determined in intestinal homo- 
genates by means of a modification of the method of Sumner (10, 11). A one 
hour incubation period, at 37° C. and pH 6.0, demonstrated the presence of 
sucrase in both normal and fasted rat intestine. The mean of the values for 
four normal animals was 6.90 mgm. invert sugar produced per gram wet 
tissue and for four fasted animals was 6.48 mgm. invert sugar produced per 
gram wet tissue. It may be noted, in addition, that we have often successfully 
maintained both growing and adult rats on synthetic diets in which sucrose 
was the sole carbohydrate. Since hydrolysis of the disaccharide appears to 
occur in the intestine of the rats, it is necessary to look for some other explana- 
tion for its lack of significant effect on alkaline phosphatase. In this con- 
nection it should be noted that Slein, Cori, and Cori (9) found that with brain 
and yeast hexokinase there was almost 100% inhibition of the phosphorylation 
of fructose in the presence of an equimolecular concentration of either glucose 
or mannose. Even more to the point, however, are the recent studies of 
Hele (4) on phosphorylation and absorption of sugars in the intestine of the 
rat. These investigations included the phosphorylation of various sugars, 
singly or in mixtures, by hexokinase, and dephosphorylation of the hexose- 
phosphates by phosphatase. It was observed that the depression of phos- 
phorylation rates with intestinal hexokinase, when mixtures of sugars were 
used (including glucose plus fructose) were below the phosphorylation rates of 
single sugar controls. It would not be improper, therefore, to assume that 
hydrolysis of sucrose in the intestine of the rats in our experiments was 
accompanied by a decreased rate of phosphorylation. This decrease in rate 
in turn would result in a decreased stimulus for the formation of the adaptive 
portion of intestinal phosphatase (12). 

From our experiments and the observations of Hele (4, 5) it would appear 
that alkaline phosphatase may participate in the enzymic mechanisms 
associated with the absorption of sugars from the intestine. 
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THE EFFECT OF CODEINE ON RAT SERUM AMYLASE! 
By G. Stuart WIBERG AND JULES TUBA 


Abstract 


Adult male rats did not display an elevated serum amylase following injection 
of codeine. Mice, on the other hand, showed significantly increased values of 
the enzyme after treatment with codeine. The significance of these findings 
are discussed from the standpoint of the tonus of the sphincter of Oddi, and the 


presence or absence of a gall bladder. ‘ 


Introduction 


The administration of codeine and other opiates has been reported to raise 
the level of serum amylase in humans, as well as in cats and dogs (2, 3, 5, 8). 
The pharmacological action of these opiates is to cause a spasm of the sphincter 
of Oddi, which in turn produces an “increased pressure in the pancreatic 
ducts and a temporary reflux of enzyme into the blood stream” (2). 

In the course of our studies on rat serum amylase, it was decided to investi- 
gate the action of codeine on levels of the enzyme in the rat, which does not 
possess a gall bladder. The investigation was extended, for comparative 
purposes, to include mice, which do have gall bladders. 


Experimental 


The animals used in this investigation were adult male albino rats and mice 
of the A strain. The experiments were timed so that the animals were 
digesting food and the pancreas was presumably actively secreting its digestive 
enzymes (8). 

Codeine phosphate was employed and two dosage levels were studied, viz., 
the so-called ‘‘tranquillizing’’ dose of Barlow (1) at 63 mgm./kgm. body 
weight, and the standard analgesic dose of 175 mgm./kgm. body weight 
recommended by Ercoli and Lewis (4). 

The level of the serum amylase was determined just prior to the subcu- 
taneous injection of the drug and again after a lapse of three hours. The 
method for amylase determination has already been reported by the authors 
(9). The unit of amylase activity is that amount of enzyme sufficient to 
hydrolyze 1 gm. of starch in one hour at 37° C. at pH 7.0. Not more than 
50% of the substrate should be hydrolyzed in the one hour digestion period. 
Results are expressed as units of amylase activity per 100 ml. serum. 


1 Manuscript received June 3, 1954. 
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Results and Discussion 


Groups of six normal male adult rats received the injections of codeine 
indicated above. A group of six animals served as controls and were given 
subcutaneous injections of 0.5 ml. physiological saline. The response of the 
animals is given in Table I. 

TABLE I 


THE EFFECT OF CODEINE ON RAT SERUM AMYLASE 

















Serum amylase in units/100 ml. 
limg 
Experimental Control 
(a) 63 mgm./kgm. body weight 
Preinjection 54.8 + 1.18* 54.7 + 0.81 
Postinjection 55.1 + £.% .2. = 2 
(6b) 175 mgm./kgm. body weight 
Preinjection 53.9 + 2.1 33.35 + 0.94 
Postinjection 52.0 + 0.95 52.8 + 2.00 








* + the standard error of the mean. 


It will be noted in Table I that codeine phosphate is without effect on the 
serum amylase at either dosage level. These findings are, of course, at 
variance with those reported for humans, for cats, and for dogs. 

A possible reason for this deviation might be that the rat is without a gall 
bladder. As noted by Mann (7), “the tonus of the sphincter of Oddi in the 
rat is almost negligible in contradistinction to animals which possess a gall 
bladder.’”” McMaster (6) has also studied extensively the role of the sphincter 
of Oddi in animals without gall bladders and has reached essentially the same 
conclusion. 

The above experiment was repeated with mice of the A strain. A group 
of six adult male animals received injections of codeine phosphate at the 
higher dosage level mentioned above, and a control group of six mice received 
injections of saline (0.2 ml.). Three hours later, the mice were killed by 
decapitation and all the blood was collected in order to obtain enough serum 
for the determination of amylase levels. The mice injected with codeine 
had a higher amylase value than the animals injected with saline; 52.8 + 1.83 
units/100 ml. as against 42.4 + 1.67 units respectively. This difference is 
highly significant (¢ = 4.22, P < 0.01). 

It would appear therefore that the effect of codeine is restricted to those 
animals possessing a gall bladder. 

The significance of these results is that species differences must be con- 
sidered in attempts to localize the source or sources of serum amylase. This 
action of codeine has often been invoked to prove the pancreatic origin of 
serum amylase, in whole or in part. It is evident, however, that such 
considerations require careful evaluation. 
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WIBERG AND TUBA: CODEINE EFFECT 
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THE EFFECTS OF ANTIBIOTICS ON THE SYNTHESIS OF 
VITAMIN By IN THE CHICK! 


By K. J. Jenkins’, J. M. BELL’, J. B. O’NErL‘, and J. W. T. Sprnxs® 


Abstract 


The effects of aureomycin, terramycin, penicillin, and streptomycin on the 
synthesis of vitamin Bi: in the gastrointestinal tract of the chick fed a vitamin 
Bis-free diet have been studied by means of radiocobalt. Cobalt had no effect 
by itself but in the presence of an antibiotic resulted in a definite increase in 
weight. Chicks receiving antibiotics excreted more cobalt and less vitamin By 
than those without supplementation. Synthesis of vitamin By in the gastro- 
intestinal tract occurs as early as the proventriculus. Both the rate and the 
site of synthesis are influenced by the antibiotic fed, A higher concentration of 
cobalt is found in the tissues of chicks not receiving antibiotics. Antibiotics 
appear to have no marked effect on vitamin By concentration in the tissues 
except in the blood and gall bladder. The relatively large amount of vitamin 
Bis in the blood of chicks not supplemented with antibiotics suggests the poor 
utilization of this vitamin or the synthesis of a physiologically ineffective form. 


Introduction 


The efficacy of antibiotics in poultry feeds has now been amply confirmed 
by the reports of numerous investigators. In addition there appears to be 
general agreement that procaine penicillin is perhaps the most effective and 
dependable antibiotic as a supplement in grower rations for chicks (1, 3, 5, 6). 

Heuser and Norris (2) have postulated that the value of antibiotics may 
reside in an ability to spare or reduce the requirements for some unidentified 
nutrient associated with animal protein, or perhaps even to reduce the need 
for animal protein itself. Similar effects were reported by Bird et al. (1) who 
also indicated that B-vitamin levels might be as important as the level of 
antibiotic used. 

Several other theories regarding the action and effects of antibiotics in the 
digestive system have been proposed but data are generally inadequate. 

This report concerns the effects of various antibiotics on the synthesis of 
vitamin By in the gastrointestinal tract of the chick, as indicated by ingested 
radiocobalt. 


Experimental 
Design 
Ten lots of chicks were fed an all-vegetable basal diet, with various 
supplements, for a 28-day growth period. One lot received the basal diet 
only and four lots had an antibiotic included: either procaine penicillin, 


1 Manuscript received February 4, 1954. 


Contribution from the Departments of Animal and Poultry Husbandry, University of 
Saskatchewan, Saskatoon, Sask. 
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3 Professor of Animal Husbandry. 

4 Associate Professor of Poultry Husbandry. 

5 Professor of Chemistry. 




















JENKINS ET AL.: EFFECTS OF ANTIBIOTICS 629 


streptomycin-calcium chloride, terramycin-hydrochloride, or aureomycin- 
hydrochloride. The other five groups were similar except that cobalt (labelled) 
was added. Weight gains and feed intakes were recorded weekly and excreta 
were collected twice daily from groups receiving radiocobalt. 


Diets 


The basal ration employed was deficient in vitamin By: but was otherwise 
nutritionally adequate. The same formula had been used successfully in 
vitamin By, assays with chicks. It had the following percentage composition: 
wheat 24.0, corn 27.5, barley 8.0, oats 8.0, bran 4.0, soybean meal 20.0, 
dehydrated cereal grass 4.0, ground limestone 1.5, bone meal 2.0, salt 0.5, 
fish oil (1000 I.U.A./gm., 150 I.C.U. D/gm.) 0.5; plus 0.18 gm. of riboflavin 
and 5.7 gm. of manganese sulphate per 100 Ib. of basal ration. 

The radioactive cobalt was incorporated by mixing 18.4 gm. of CaCOs, 
96.5 mgm. of Co®®CO; containing Co®CO;, and 0.5 mc. of high specific 
activity Co® into 60 Ib. of basal ration. In this way the added cobalt 
amounted to 1.8 p.p.m. in the diet and the level of radioactivity was 
sufficiently high to permit accurate radioassays of small quantities of vitamin 
By containing Co. 

Antibiotic supplements were added to provide 20 p.p.m. of the antibiotic 
per se in the diet, a level considered adequate to permit typical growth 
responses in chicks and yet well below toxic levels. 


Chicks 


Five one-day-old cross-bred chicks (New Hampshire X Barred Plymouth 
Rock) were allotted at random to each test ration. These chicks were 
hatched from eggs laid by hens fed a practical-type and nutritionally adequate 
ration which contained 0.3 p.p.m. of procaine penicillin. The chicks were 
housed in electrically heated battery brooders with raised wire-mesh floors. 
Plate glass squares were placed beneath the mesh to enable quantitative 
collection of excreta. Feed and water were provided ad libitum. 


Tissue and Excreta Analyses 


At the end of the feeding period the chicks were slaughtered by jugular 
bleeding and dissected for radioactivity measurements. The contents of the 
various sections of the alimentary tract were removed and weighed. Samples 
from chicks which received identical treatment were pooled and then 
refrigerated at —20° to —30°C. in the presence of a few drops of toluene. 
Tissues were stored in the same manner but without toluene. 

During the feeding test excreta were collected twice daily from each group 
receiving radiocobalt. These samples were pooled to obtain four one-week 
lots. 

Prior to radioactivity assays the samples were processed as follows. Samples 
of ingesta, tissue, or excreta were homogenized in a blender and an aliquot 
was dried at 105° C. for the determination of dry matter. One milligram of 
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cobalt carrier was added to approximately one gram of dried material in a 
porcelain crucible, and the sample was then ashed at 550° C. in an electric 
furnace. The ash was dissolved in a few drops of concentrated nitric acid, 
slowly evaporated to dryness, and quantitatively transferred to a counting 
dish with 0.1M nitric acid. The samples were next evaporated under an 
infrared heat lamp and assayed for total radioactivity with a shielded thin- 
window Geiger—Miiller tube. From readings thus derived the total cobalt 
of each sample was calculated. 

Standards for radioactive comparisons were made by ashing 1 and 2 gm. 
composite samples of the test rations containing known amounts of radio- 
cobalt and processed as described above. Errors due to self-absorption were 
made negligible by ashing the same mass of material for the unknown as for 
the standard. 

Vitamin By extractions were carried out according to a modification (4) 
of the chemical method of assay proposed by Rudkin and Taylor (8). Briefly 
the procedure was as follows: 10 gm. of sample dry matter were diluted with 
water to 90 ml. and homogenized for three minutes. Approximately 50 ugm. 
of carrier vitamin B,.! were then added, the slurry was made up to 100 ml. 
and the pH adjusted to 4.5. After the flask was stoppered with ‘“‘cotton 
wool”’ the material was autoclaved for 10 min. at 20 to 25 Ib./sq. in. steam 
pressure. The sample was cooled, nearly saturated with ammonium sulphate 
(by adding 0.7 gm./ml. solution) and extracted three times with one-seventh 
volumes of water-saturated n-butanol. Vitamin By extracts obtained from 
ingesta and fecal samples were assayed directly for radioactivity in the 
solution counter. Tissue extracts of vitamin By were re-extracted from 
n-butanol three times with one-seventh volumes of distilled water. The 
combined aqueous extracts were transferred to aluminum counting plates 
and assayed for radioactivity as described previously, except that ‘activity’ 
could now be ascribed to the cobalt in the vitamin By. molecule. 

Standards for vitamin measurements were prepared by ashing and ‘counting’ 
a 0.25 gm. sample of feed, the ash of which had a mass similar to that of the 
solid material from chick samples. Small variations in the weights of the 
extracted material did not present a self-absorption problem owing to the 
thinness of samples on the aluminum dishes. 


Results and Discussion 


The growth responses of the chicks are shown in Table I. It is evident 
that by the end of the fourth week the weights of the antibiotic-supplemented 
chicks ranged from 3 to 16% greater than that of the control lot, with 
terramycin-fed chicks showing the best gains whereas those fed streptomycin 
differed but little from the controls. : 

The addition of cobalt to the diets of chicks already supplemented with 
penicillin, streptomycin, or terramycin, in order to meet the vitamin By 


1 Merck's Animal Protein Factor Master Blend No. 19, 2.3 million L.L.D. units of vitamin 
Bi per gram. 
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TABLE I 


WEEKLY AND CUMULATED GAINS IN GRAMS AND FEED EFFICIENCIES OF CHICKS FED RATIONS 
SUPPLEMENTED WITH RADIOCOBALT AND/OR ANTIBIOTICS 








Antibiotic supplement 
Period (days) 








| 
| 
| 
| Nil Penicillin Streptomycin Aureomycin Terramycin 
—— 
No cobalt added to diet 
0-7 13.6 10.3 18.8 16.6 21.7 
7-14 29.0 18.3 22.7 24.0 34.3 
14-21 | 47.0 47.5 51.3 47.2 47.7 
21-28 } 30.1 50.3 30.0 41.2 33.0 
0-28 119.7 126.4 122.8 129.0 136.7 
Feed intake, gm. 397 375 345 354 394 
Feed/gm. gain 3.31 2.97 2.80 2.74 2.88 
Cobalt added to diet 
0O-7 | 15.6 4.6 14.2 15.5 14.6 
7-14 27.0 25.2 23.4 36.3 24.2 
14-21 47.2 40.2 37.8 54.3 43.8 
21-28 24.0 62.0 55.8 40.0 60.4 
0-28 113.8 132.0 131.2 146.1 143.0 
Feed intake, gm. 334 327 347 398 380 
Feed /gm. gain 2.93 2.48 2.64 2.73 2.66 





requirements through gastrointestinal microbial synthesis, did not result in 
growth stimulus until the fourth week. During this latter period the gains 
of chicks receiving cobalt and one of these three antibiotics gained normally, 
whereas the control chicks gained less than during the previous week, thus 
reflecting a vitamin By deficiency. Chicks given aureomycin appeared to 
respond to added cobalt earlier than the other chicks, their gains during the 
second week being about 50% greater than the other groups. 

Several investigators (1, 2) have suggested a ‘sparing action’ on vitamin By. 
due to antibiotics in feed. The data from this experiment, with major 
emphasis on the fourth week, indicate that penicillin may have been out- 
standing in this regard. Gains resulting from aureomycin were also better 
than the controls but streptomycin and terramycin appeared to have little 
effect. In the presence of added cobalt however, equally good growth resulted 
from penicillin, streptomycin, and terramycin during the fourth week. Thus 
it is possible that the ‘sparing action’ of antibiotics on vitamin By: require- 
ments may depend to a large extent on the availability of precursor material 
such as cobalt. 

Addition of cobalt or any of the antibiotics resulted in improved feed 
efficiency. There was some variation in feed intakes but it is probable that 
the responses were related primarily to better feed utilization. 

Radioactivity assays on successive weekly fecal samples indicated that 
the chicks were just in positive cobalt balance. Considering the levels of 
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TABLE II 


EFFECT OF ORALLY ADMINISTERED ANTIBIOTICS ON THE EXCRETION OF VITAMIN By: 
BY CHICKS FED A VITAMIN By-FREE DIET 


Average cumulative excretion per chick in mgm. and percentage of 
excreted cobalt occurring as vitamin By-cobalt 











Period (days) Nil Penicillin Streptomycin Aureomycin Terramycin 
uem. % vem. % wem. % vem. % wem. % 

0-7 9.7 328 0.4 0.3 3.5 1.2 3.3 1.0 4.1 1.3 
7-14 22.7 2.4 15.3 2.3 7.5 22 18.4 1.5 16.5 1.8 
14-21 67.5 3.3 33.3 2.0 45.8 2.4 39.2 1.4 24.0 1.2 
21-28 89.0 3.0 66.9 2.3 69.8 2.3 59.5 1.4 38.4 1.2 





activity and the duration of counting it was estimated that the probable 
error associated with the counting was about 0.2%, thus only in about one- 
third of the assays did the amount of cobalt retained exceed the range 
described by the probable errors and in no instance was more than one per 
cent of the ingested cobalt retained. 

With respect to vitamin By: excretions, the control chicks, fed cobalt but 
no antibiotic, appear to have excreted larger quantities of the vitamin than 
did the other groups (Table II). About three per cent of the total ‘activity’ 
excreted by the controls was due to vitamin By-cobalt whereas somewhat 
lower percentages were typicai of antibiotic-fed chicks. Low ratios of vitamin 
Biz to cobalt in the excreta were associated with the better gains, but the 
fundamental factors underlying the superior growth responses are more likely 
to be found in those sections of the digestive tract where synthesis and 
absorption occur, rather than in the excreta. 

In Table III the concentrations of cobalt and the proportions existing as 
vitamin By indicate the major sites of synthesis. Some synthesis evidently 
occurred in the proventriculus. The extensive expression of fluid material 
from gizzard ingesta reduced the amount and the proportion of vitamin Bis. 
In the small intestine, although all chicks had about the same amount of 
‘activity’ in this organ, the vitamin By. synthesis in the penicillin group was 
nearly twice that of the controls, in line with the gains during the fourth 
week (Table I). On the other hand the chicks fed either aureomycin or 
terramycin exhibited depressed vitamin By synthesis in this organ, but in 
the ceca the vitamin By: synthesis was twice that of the controls. The rate 
of conversion was the same but the amount of cobalt present was greater. 
The rate of synthesis of the vitamin was even greater in the rectum than in 
other parts of the tract but it is doubtful if synthesis in this region is of much 
importance to the chick. There is evidence of destruction of vitamin Bi in 
the cloaca since the proportion of the vitamin fell markedly. In summary 
these findings indicate that antibiotics influence both the site and extent of 
vitamin By synthesis. Penicillin favors synthesis in the small intestine, 
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TABLE III 


CONCENTRATION OF COBALT AND PERCENTAGE OF VITAMIN By IN TISSUES AND 
INGESTA OF CHICKS FED COBALT® AND VARIOUS ANTIBIOTICS 

















Antibiotic supplement ‘ 

Sample Nil Penicillin Streptomycin Aureomycin Terramycin 
Co* But Co Bu Co Biz Co Bu Co Biz 

Ingesta 
Proventriculus 115.5 ee 173.1 2.4 106.9 eB 128.0 0.9 120.5 0.9 
Gizzard 85.9 0.5 40.1 0.5 39.2 0.3 46.3 0.1 34.3 0.2 
Small intestine 239.5 1.5 282.3 3.9 233.5 1.6 214.0 0.8 227.9 0.8 
Ceca 1721.9 2.8 3681.0 1.1 2586.4 1.3 2851.5 2.7 4738.5 | 
Rectum 468.3 S.3 449.5 5.3 505.1 5.0 488.5 4.0 516.1 2.9 
Cloaca 429.7 3.6 468.1 3.3 401.6 3.2 403.2 2.6 583.7 &.2 

Tissues 
Liver 18.3 0.7 4.1 1.6 4.7 1.3 4.2 0.9 4.1 0.6 
Pancreas 44.3 2.9 33.6 2.0 26.8 3.8 33.3 2.2 26.9 2.1 
Adrenal 48.9 _— 42.8 _ 43.3 _ 29.5 _— 120 — 
Spleen 44.9 0.6 5.6 0.4 37.1 1.3 11.8 i 12.4 5.8 
Gall bladder 11.4 8.4 28.2 3.4 13.6 6.0 $4 $§.1 7.4 4.9 
Kidney 18.1 0.5 15.6 1.7 43.5 1.4 13.3 0.7 11.0 0.5 
Bile 7.0 _ 10.2 _ 13.9 —_— 8.2 —_— 6.0 _ 
Blood 1.3 5.8 S28 0.8 £2 0.5 5.8 t2 16 03 





* Micrograms cobalt per 100 gm. tissue, fresh weight; or per 100 gm. ingesta dry matter, as 
indicated by cobalt®. 


+ Percentage of the total cobalt in the tissue or ingesta occurring as vitamin By-cobalt. 


whereas aureomycin and terramycin favor synthesis in the cecum. Strepto- 
mycin appeared not to be involved in vitamin By synthesis in the gastro- 
intestinal tract. 

So far as the tissues were concerned, chicks fed no antibiotics had higher 
concentrations of cobalt in their livers, pancreases, adrenals, and spleens 
than did those fed antibiotics. Chicks given penicillin had somewhat more 
vitamin By in their livers than did those fed either aureomycin or terramycin 
although the percentage of the cobalt existing as the vitamin was in no instance 
above 1.6. The pancreas had from 2 to 4% of its activity due to the vitamin. 
The largest ratio of vitamin to element existed in the gall bladder which in 
turn probably reflected the ratio in bile. The control chicks had the largest 
percentage of vitamin By in the gall bladder, possibly indicating poorer 
retention of the vitamin. This may well be in line with the unexpectedly 
high proportion of vitamin Bi synthesis that occurred in the digestive tracts 
of control chicks, and the fact that the concentration of the vitamin in the 
blood exceeded that in other groups which grew faster. In view of the 
synthesis and absorption of vitamin By that occurred in control chicks it 
appears that there was some interference in the utilization of the vitamin. 
Possibly the material separated as vitamin Biz was only an advanced organic 
precursor of the vitamin, or some unknown factor may have been lacking. 
Monroe et a/. (7) have reported a form of vitamin By: that was physiologically 
ineffective in sheep. 
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The importance of the cecum in the fowl appears not to be well understood 
but several investigators regard the organ as unimportant in digestion. 
These opinions however are not completely in accord with the data in Table 
IV which indicate that from 60 to 90% of the vitamin By in the gastro- 
intestinal tract was found in this organ. These values probably reflect 
comparative rates of synthesis and while they do not necessarily indicate 
absorption rates through the gut wall it seems likely that the chick would 
derive much of its vitamin By, requirement from the cecum. With reference 
to Table III where nutrient concentration is expressed on the basis of ingesta 
dry matter, it is obvious that in general the changes in concentration of 
cobalt down to the cecum can be explained largely by the digestion and 
absorption of dry matter. Since the material in the rectum contains signi- 
ficantly less radioactivity, extensive absorption therefore must have occurred 
from the cecum. 


TABLE IV 


PERCENTAGE DISTRIBUTION OF COBALT AND OF VITAMIN By IN TISSUES AND 
INGESTA OF CHICKS FED COBALT® AND ANTIBIOTICS 

















| Antibiotic supplement 
Sample 
| Nil Penicillin Streptomycin Aureomycin Terramycin 
| Co Bu Co Biz Co Biz Co Biz Co Bu 
Ingesta 
Proventriculus 0.1 0.1 0.2 0.3 8.3 6.3 0.3 O.1 0.2 O11 
Gizzard a2..3 2.7 2.7 0.9 7.2 1.7 4.5 0.1 pe 0.2 
Small intestine 4 21.1 9.8 19.2 20.5 23.4 14.1 4.7 11.7 4.6 
Ceca 49.5 61.8 82.8 67.4 66.4 59.6 76.9 89.5 wt BS 
Rectum 4.8 11.6 2.4 4.1 2.1 7.4 1.4 2.4 1.9 Fy 
Cloaca 7 2.8 3.4 8.1 3.3 7.6 2.8 3.2 3.8 2.3 
Tissues 
Liver 56.7 37.6 24.8 21.7 32.0 21.4 @.i 7.5 30.4 17.7 
Pancreas 16.0 44.8 23.4 2.3 22.3 45.0 25.2 45.1 29.6 59.8 
Adrenal 03 — 0.1 — 07 — 5s — 03 — 
Spleen 6.7 3.8 1.9 4.2 10.6 7.0 3.8 8.2 6.1 6.3 
Gall bladder 0.5 3.7 0.9 Fy 0.6 1.9 0.4 1.8 0.3 1.6 
Kidney | 19.8 10.1 49.2 46.1 33.8 24.7 40.0 23.4 33.3 14.6 





Summary and Conclusions 


Ten groups of chicks were fed a vitamin By deficient ration during a 28-day 
feeding trial. Five groups received supplementary labelled cobalt and, as 
cross-treatments, five antibiotic supplements were added: (a) nil, (d) penicillin, 
(c) streptomycin, (d) aureomycin, and (e) terramycin. A study of gains 
together with ingesta and excreta cobalt and vitamin By. contents led to the 
following conclusions: 

1. The addition of cobalt had no effect by itself but in the presence of an 
antibiotic definite increases in gains were obtained. Aureomycin and terra- 
mycin again proved superior to the other antibiotics although there was 
evidence that penicillin and streptomycin groups responded better during the 
latter period of the experiment. 
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2. The retention of added (labelled) cobalt varied from 0.2 to 0.6% of 
that ingested. Chicks receiving antibiotics appeared to have retained smaller 
quantities than did the controls. 

3. Chicks fed the vitamin By-deficient ration, plus cobalt, excreted 
significant quantities of vitamin By, in fact 3.0% of the excreta ‘activity’ 
was due to vitamin By. whereas the fast-growing aureomycin and terramycin 
groups excreted less vitamin By. Only 1.4% of the fecal ‘activity’ was 
attributable to the vitamin. 

4. Synthesis of vitamin By was observed as far forward in the gastro- 
intestinal tract as the proventriculus, and the percentage of cobalt converted 
to vitamin By ranged as high as 5.3 in some parts of the tract. 

5. Consumption of antibiotics was associated with a tendency for cobalt 
to accumulate in the cecum. In the cases of aureomycin and terramycin 
particularly, it appeared that marked increases in vitamin By: synthesis had 
occurred, mainly through the increased content of elemental cobalt. Thus 
antibiotics influence both the rate and the site of vitamin By synthesis. 

6. Chicks fed cobalt as the only supplement to a vitamin Bj2-deficient 
ration had higher concentrations of the element in their tissues than did those 
fed antibiotics plus cobalt possibly reflecting greater availability of elemental 
cobalt as compared to cobalt that is ‘organically bound’ or associated with 
microflora. 

7. Antibiotics appeared to have no marked effect on vitamin By: concentra- 
tion in tissues except in the blood and gall bladder. The pancreas had a 
higher proportion of the vitamin than most other tissues studied. Both the 
blood and gall bladders of chicks fed no antibiotics had relatively large contents 
of vitamin By thus suggesting poor utilization of the vitamin in spite of 
adequate tissue levels, or synthesis of a physiologically ineffective form of 
the vitamin. 

8. In general the results of this study indicate that antibiotics may exert 
an appreciable effect upon utilization of vitamin By as well as upon site and 
rate of synthesis. , 
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A COMPARISON OF DEXTRAN, POLYVINYLPYRROLIDONE, AND 
ISOTONIC SALINE INFUSION IN THE HUMAN! 


By Joun B. ARMstTRONG?, JoHN A. Downey, Marion H. FERGuson, 
AND HuGH R. WILLIAMS 


Abstract 


Dextran or polyvinylpyrrolidone (PVP) was administered to 24 normal 
subjects. Dextran or isotonic saline was administered to 14 subjects following 
venesection. The effects of venesection only were studied in an additional 10 
subjects. Dextran and P\P remain in appreciable quantities in the circulation 
for 72 hr. and are much superior to saline in the maintenance of blood dilution 
following venesection. Systemic allergic reactions occurred in 6 of 19 subjects 
that received dextran and in none of 12 that received PVP. As considerable 
discrepancy was found between hematocrit and plasma protein dilution following 
modest hemorrhage, it is problematic which if either of these two elements 
should be used as an index of changes in plasma volume. 


Introduction 


With the increased risk of mass destruction, interest has been revived in 
methods of mass transfusion and in the use of foreign substances to expand 
the plasma volume. Criteria have been laid down for the ideal ‘‘Plasma 
Volume Expander” (26), and these do not require repetition here. Suffice it 
to mention that the expander should approximate the oncotic effect of plasma, 
be retained within the circulation for a reasonable period, and be nontoxic 
in the broadest sense. 

This report deals with two of these expanders, dextran (5) and polyvinyl- 
pyrrolidone (PVP) (22). Dextran, a macromolecular glucose polymer, was 
supplied in a 6% solution in isotonic saline from two sources, the British 
product “Intradex’’ and the Swedish ‘‘Macrodex’’.6 The physical charac- 
teristics of these two dextran preparations are described by Semple (19). 
The PVP, a synthetic pyrrole polymer, was bottled in a 3.5% solution in 
buffered saline.‘ 


Materials and Methods 


The 48 subjects studied included 24 healthy males, 20-30 years of age, and 
24 patients (18 males), 16-75 years of age, convalescing from other than 
cardiovascular or renal disorders on the wards of the Winnipeg General 
Hospital. Ten subjects received 500 or 1000 ml. ‘‘Intradex’”’ and nine subjects, 
similar quantities of ‘‘Macrodex’’. Seven of these 19 subjects underwent a 


1 Manuscript received July 19, 1954. 

Contribution from the Department of Physiology and Medical Research, the University of 
Manitoba, Winnipeg, Man. This work was supported by the Defence Research Board (Grant 
No. 277) and the National Research Council of Canada (M.P. 314). 

2 Markle Scholar in Medical Science. 

3 “Intradex"’, The Crookzs Laboratories Limited, Park Royil, London N.W. 10 (lots 49034, 
50145, 50146, and 51080) through the courtesy of Mr. F. S. Stephen, General Laboratories Limited, 
Toronto, and ‘‘ Macrodex"’, Pharmacia Sweden (lots Y 4954A and Y 5011A) through the kindness 
of Dr. A. L. Chute, and the Defence Research Board, Canada. 

‘ Manufactured by General Aniline and Film Corporation (lot 105, K-33) obtained through 
the kindess of Dr. F. Douglas Lawrason, National Research Council, W ‘ashington. 
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venesection that averaged 369 ml. (+ 128.5) prior to receiving the dextran. 
Ten subjects received venesection only (303 + 118.1 ml.) and seven, 
venesection (380 ml.) followed by 500 ml. of isotonic saline. Twelve subjects 
received General Aniline PVP in 1000 ml. quantities. All infusions were at 
the rate of 10-15 ml. per minute and venesection at the more rapid rate of 
30-50 ml. per minute. 

All subjects were in the postabsorptive state on the first day of the pro- 
cedure when plasma volume determinations were carried out. Control blood 
and urine samples were obtained, and infusion or venesection was performed. 
The infusions of dextran or saline followed immediately upon the completion 
of the venesection. Blood samples were taken 15 min. after the end of the 
procedure and at 24 hr. intervals. Urine samples were collected, as voided 
for the first 24 hr., and as 24 hr. specimens thereafter. 

Plasma volume determinations were performed using the dye T-1824. A 
10 min. blood sample was taken and read against a 1/500 dilution of a sample 
of the injected dye in the subject’s own serum and read in a Beckman Spectro- 
photometer. Sedimentation rate and hematocrit were estimated by the 
method- of Wintrobe (25), hemoglobin by cyanmethemoglobin (7), and 
plasma proteins by micro-Kjeldahl, using 2% boric acid solution with subse- 
quent titration. Blood and urine samples were analyzed for dextran by a 
modification of the method of Bloom and Wilcox (3); or for PVP by a 
modification of the method of Cannon (6). 

In the dextran determinations, anthrone reagent was used. As it has been 
shown to be an accurate measure of blood glucose (9), there would seem to be 
no other anthrone reacting substances than glucose, in normal serum. The 
concentration of glucose was estimated on the control samples of blood or 
urine by use of the anthrone reagent and the values obtained were subtracted 
from the postinfusion samples of Folin-Wu filtrates of blood, or of diluted 
urine. There may have been some error in the lower serum concentrations 
beyond 72 hr. by this manipulation, as no allowance could be made for blood 
sugar fluctuations from day today. No patients with diabetes mellitus were 
studied. Glucose and dextran standards from the infusion bottle were run 
with each set of determinations. The lengthy procedure of alkali digestion 
and refrigerated precipitation was thus eliminated. In the PVP estimation, 
0.5 N NaOH Somogyi proved to be too alkaline, permitting solution of some 
of the protein. Accordingly, the other Somogyi procedure with eight volumes 
of acid zinc solution was used and found satisfactory. Somogyi filtrates of 
urine were treated in the same way as blood, omitting the uranium acetate 
and trichloroacetic precipitation. These methods gave 98 to 106% recovery 
at varying concentrations of dextran or PVP, in blood and urine. 


Results 


When dextran or PVP were administered, the sedimentation rate was 
increased to about 40 mm. per hour in all the normal subjects and to a less 
extent in those in whom it was initially elevated. It returned to near control 
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values as the blood concentration fell to low levels in four to five days. The 
hemoglobin-hematocrit ratio did not alter appreciably, following either 
dextran or PVP. 

The mean plasma concentration immediately following 500 ml. dextran 
was 0.98 gm.% (range 0.83 to 1.09 gm.%). Following 1000 ml. dextran, 
the mean plasma concentration was 1.70 gm.%. The infusion of 1000 ml. 
of PVP produced an immediate average plasma concentration of 0.76 gm.% 
with a range from 0.59 to 0.90 gm.%. 

The plasma concentrations of dextran and PVP expressed as a percentage 
of the immediate postinfusion value are shown in the left half of Fig. 1. It 
will be seen that PVP and ‘‘Macrodex”’ leave the blood stream more rapidly 
than ‘‘Intradex’”’ in the first 24 hr., but that the plasma concentration of PVP 
deteriorated less rapidly than either dextran during the subsequent days. 
Prior venesection did not affect the rate of disappearance of dextran from 
the plasma. 

The mean cumulative urinary excretion, expressed as a percentage of the 
amount of dextran or PVP administered, is shown in the right half of Fig. 1. 
It is apparent that the bulk of the urinary excretion of all three substances 
occurred in the first 24hr. From that time little additional urinary excretion 
occurred. A greater percentage of the administered PVP appeared in the 
urine than of ‘‘Macrodex’’, while ‘‘Intradex’’ showed the least. 

The mean per cent decreases in hematocrit and in total plasma protein 
following the infusion of dextran or PVP are shown in the top panels of Fig. 2. 
To permit comparison of the dilutions of hematocrit, measured per 100 ml. 
whole blood, and plasma protein, measured per 100 ml. plasma, the hemato- 
crit dilution was expressed in terms of 100 ml. plasma. There was no 
appreciable difference in the dilution of plasma protein and hematocrit by 
either dextran or PVP. 

In an effort to simulate more closely the conditions under which these 
expanders would be used, further studies were undertaken with dextran. 
The effect of prior venesection on the dextran dilution of the hematocrit and 
total plasma protein are shown in the next panel (Fig. 2). The hematocrit 
dilution following venesection plus dextran persisted appreciably longer 
than that after dextran alone. The plasma protein dilution was not altered 
significantly. To elucidate the persistence of the hematocrit dilution and to 
serve as a further control to these studies, two additional groups of subjects 
were followed—(1) after venesection only, and (2) after venesection plus 
saline infusion. The mean per cent decrease in hematocrit after venesection 
is seen in the fourth panel of Fig. 2. The hematocrit dilution was negligible 
at first but became evident over 72 hr. The persistent dilution of venesection 
plus dextran may be assumed to be the combined effect of the marked early 
dilution caused by dextran and the late dilution of venesection. 

In contrast to the hematocrit results, the plasma protein dilution produced 
by venesection was transient. Thus the venesection made little difference to 
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the plasma protein concentration of the two groups recetving dextran. It 
will be noted that the saline did not alter significantly the dilution of either 
hematocrit or plasma protein from that due to venesection only. 


Reacttons 


Six of 19 subjects receiving dextran suffered systemic allergic reactions. 
In two, not included in this series, the infusion had to be discontinued after 
150 ml. because of the severity of pruritis and erythema, going on to urticaria. 
One subject developed postural hypotension. Cervical lymph node enlarge- 
ment, periarticular swelling, and stiffness appeared one week after the infusion 
in three subjects. The reaction in the most severe lasted several days and 
necessitated bed rest. 

There was no reaction to PVP administration. 


Discussion 


At the outset of this investigation, it was intended that changes in the 
plasma volume could be followed by alterations in the hematocrit and plasma 
protein concentrations. But it became apparent that, immediately following 
bleeding, there occurred in the group that received venesection only a con- 
siderable dilution in the plasma protein concentration that was not manifest 
in the hematocrit. This discrepancy cast doubt on the validity of such calcu- 
lations as a means of demonstrating changes from the initial plasma volume. 
As subsequent plasma volume determinations or estimations were not made, 
the total circulating dextran or PVP could not be calculated. 

The immediate 8% dilution in plasma protein following bleeding disappeared 
in 24 hr.; indeed, was much reduced in three hours in the saline group. Of 
this phenomenon there are several possible explanations. 

(1) The immediate destruction of plasma protein following hemorrhage is 
overcome by the formation of new protein. The work of Whipple (23), 
recently extended to human beings (2), demonstrates without doubt the rapid 
formation of plasma protein in the dog. The studies of Hammarsten, Heller, 
and Ebert (12) demonstrate very clearly the addition of protein to the circu- 
lation following hemorrhage. Such plasma protein production explains the 
return of the plasma protein concentration to normal within 24 hr. But 
there is no evidence in the literature of immediate loss, or increased metabolism 
of protein initiated by a modest hemorrhage of this order. Prince etal. (17) 
failed to show, by severe hemorrhage in dogs, plasma protein destruction, 
though they found dilution. 

(2) The entry of protein-poor fluid into the circulation following hemorrhage 
has been previously reported by Adolph (1) and can be seen in the work of 
Ebert, Stead, and Gibson (10), though recorded without comment. The 
increase of plasma volume following hemorrhage and dextran reported by 
Hammarsten et al. (12) may be due in part to the flow of ‘protein-free fluid 
into the circulation, but their data do not permit its calculation. If one 
assumes the entry of such protein-poor fluid, the hematocrit should have been 
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similarly diluted: ‘The lack of hematocrit dilution may be due to (a) spleen 
and other splanchnic organ contraction with the introduction of red cells 
into the circulation or'to (6) a redistribution of the added fluid within the 
minute vessels, lowering the small vessel hematocrit to a greater extent than 
the large. We tend to favor the latter explanation, though we have no 
evidence to support it, and splenic contraction has been disputed in the 
human under these circumstances. It is of interest that the plasma protein 
dilution was not apparent in three hours, while the hematocrit dilution had 
increased slightly, suggesting the rapid replacement of possible protein-poor 
fluid with that rich in protein and further redistribution of cells between large 
and small vessels. Assessment of these fluid shifts is difficult because the 
known methods of determining blood volume are dependent upon substances 
that are attached to the red cells or to the plasma protein. 

The more rapid plasma disappearance and urinary excretion of PVP and 
“‘Macrodex” than “Intradex’’ is, presumbly, an expression of their lower 
molecular weight. distribution (11). Studies with C' dextran have shown 
that it is metabolized within the human body, whereas similar studies with 
C4 PVP have failed to show its metabolism (13). This difference is reflected 
in the rapid plasma concentration deterioration of dextran over four days 
without appreciable urinary excretion beyond the first 24 hr., in contrast to 
the slow deterioration of plasma PVP over the same period. 

Both dextran and PVP have their disadvantages. Antibodies have been 
shown to be produced in all subjects given dextran (14), though systemic 
reactions would seem infrequent in clinical practice (24, 15, 18), and partic- 
ularly with American type dextran. PVP has been shown to remain in the 
body for long periods (21) and pathological changes in the liver have been 
found in histological study (16). The attempt at greater and longer body 
retention of dextran by the use of sharply cut larger molecular weight fractions 
has been reported by Boyd ef al. (4). But the large (200,000) molecular 
weight dextran has been shown to produce an adhesive quality to the red cells, 
with a slowed cirulation in the hamster cheek pouch (20), and to cause intimal 
hemorrhages in the cerebral vessels (8). 
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METABOLISM OF MAMMALIAN ERYTHROCYTES 


V. ROLE OF CATALASE IN THE OXIDATION OF RIBOSE-5-PHOSPHATE 
BY THE ERYTHROCYTE! 


By Marc FRANCOEUR? AND ORVILLE F. DENSTEDT 


Abstract 


Ribose-5-phosphate has been found to be rapidly oxidized by the stroma-free 
hemolyzate of human, rat, and rabbit erythrocytes in the presence of ferricyanide 
under anaerobic conditions, or in the presence of methylene blue under aerobic 
conditions. Compounds resembling R-5-P, such as ribose, arabinose, xylose, 
glucose, glucose-6-phosphate, fructose-6-phosphate, and hexose diphosphate are 
not oxidized under these conditions. The oxidation does not involve DPN or 
TPN and it is completely inhibited by cyanide. The K, is about 2 X 107? M. 
Under anaerobic conditions, in the presence of ferricyanide, the enzyme respon- 
sible for the oxidation is catalase. Purified catalase from beef liver or from 
rabbit erythrocytes yields the same results as the SFH from human, rat, or 
rabbit erythrocytes with respect to specificity, cyanide sensitivity, and the K; 
value. Under aerobic conditions, catalase is responsible also for the oxidation 
of R-5-P, but the mechanism involves the peroxidase action of catalase. Catalase 
catalyzes the oxidation of R-5-P by hydrogen peroxide in the presence of a 
system which slowly generates hydrogen peroxide, such as the glucose — glucose 
oxidase or the hemoglobin — methylene blue systems. 


Introduction 


In the course of a study on the alternative pathway of glucose metabolism 
by way of the Warburg—Dickens “hexose monophosphate shunt’’, R-5-P%, one 
of the postulated intermediates, was found to be rapidly oxidized by the 
stroma-free hemolyzate from human, rat, or rabbit erythrocytes, in the 
presence of ferricyanide or methylene blue. Evidence is presented herein 
that the oxidation is catalyzed by neither R-5-P dehydrogenase nor the heme 
of Hb, but by catalase. 


Experimental 

Materials 

Barium R-5-P, prepared by hydrolysis of adenosine monophosphate (6), 
and authentic samples obtained from the Bios Laboratories or the Nutritional 
Biochemicals Corporation, were converted to the sodium salt by dissolving 
the material in dilute hydrochloric acid, adding the calculated amount of 
sodium sulphate, removing the precipitated barium sulphate, and finally, 
adjusting the pH to7.4. DPN of 60% purity was purchased from the Sigma 
Chemical Company. TPN was prepared from hog liver by the method of 


1 Manuscript received March 31, 1954. 

Contribution from the Department of Biochemistry, McGill University, Montreal, Que. 
This study represents part of a program of research on the preservation of human erythrocytes. 
We are grateful to the Defence Research Board of Canada for financial support of the complete 
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2 Present address: Hotel-Dieu Hospital, Montreal, Que. 

3 The following abbreviations will be used throughout this paper: ribose-5-phosphate, R-5-P; 
diphosphopyridine nucleotide, DPN; triphosphopyridine nucleotide, TPN; reduced nucleotides, 
ge and TPNH; methylene blue, MeB; dialyzed stroma-free hemolyzate, SFH; hemoglobin, 
Hb. 
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LePage and Mueller (5). Various preparations ranged from 30 to 60% 
purity. Catalase was prepared from beef liver according to the method of 
Keilin and Hartree (2) or from hemolyzed rabbit erythrocytes by precipitation 
of the Hb with alcohol and chloroform. 


Enzyme Preparation 

Rabbit, rat, or human blood was collected into citrate and the cells washed 
three times with four to five volumes of physiological saline. After each 
centrifugation, the white-cell layer was carefully removed. The packed red 
cells were diluted with one volume of saline and hemolyzed by repeatedly 
freezing and thawing the samples. The stroma material was removed by 
centrifugation at about 3000 g for 10-15 min. and the clear supernatant 
dialyzed in cellophane bags for 10-12 hr. against running tap water. The 
final preparation is referred to herein as the stroma-free hemolyzate (SFH). 


Methods 


The oxidation of R-5-P was carried out in Warburg respirometers at 37°. 
The activity under aerobic conditions and in the presence of MeB was 
measured in terms of oxygen uptake, and, under anaerobic conditions, by 
the volume of carbon dioxide evolved in the presence of ferricyanide and 
bicarbonate buffer. 


Results 


Anaerobic Oxidation of R-5-P in the Presence of Ferricyanide 

The data presented in Fig. 1 indicate that the oxidation of R-5-P occurs 
to an appreciable extent in the presence of ferricyanide alone, but that the 
rate of the reaction is greatly increased in the presence of small amounts of 
the dialyzed SFH from human, rat, or rabbit erythrocytes. The addition of 
DPN or TPN to the reaction mixture had no effect on the rate of carbon 
dioxide evolution. The reaction is enzymatic since heat-denatured SFH 
preparations failed to catalyze the oxidation. 


TABLE I 


OXIDATION OF VARIOUS SUGARS BY FERRICYANIDE IN THE PRESENCE OR 
ABSENCE OF THE SFH FROM RABBIT ERYTHROCYTES 














, Ferricyanide Ferricyanide + SFH 
Reducing sugar or agent pl. COs (30 min.) pl. COz (30 min.) 
Ribose 0 8 
Arabinose 0 10 
Glucose 0 8 
Fructose 0 0 
Glucose-6-phosphate 0 18 
Fructose-6-phosphate 0 18 
Ribose-5-phosphate 70 250 
Glyoxal 80 505 





0.02 M substrate; 0.02 M ferricyanide; 0.02 M bicarbonate; 20 mgm. dry weight SFH 
per flask. Total volume 3.0 ml. Temperature 37°. Gas 5% CO2-95% Nz. Ferricyanide added 
from side bulb at zero time. 
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Fic. 1. Oxidation of R-5-P in the presence of ferricyanide and the SFH from rabbit 
erythrocytes. 


SFH R-5-P Ferricyanide DPNt 
A sa + — + 
B + + + TPN*t 
Cc + 5 a = = 
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E a _ + — 
ol + + -_ a 
G Boiled + _ 


+ 
0.1 M R-5-P; 5 X 10-* M DPN; 3 X 10-* M TPN; 0.02 M ferricyanide; 0.02 M 
bicarbonate; 15 mgm. dry weight SFH per flask. Total volume 3.0 ml. Temperature 
37°. Gas 5% CO2-95% Ne. Ferricyanide, added from side bulb at zero time. 


The results presented in Table I suggest that the enzyme is quite specific 
for R-5-P since other sugars such as ribose, arabinose, fructose, glucose, 
glucose-6-phosphate, fructose-6-phosphate, and hexose diphosphate, all of 
which have certain structural features in common with R-5-P, were not 
appreciably oxidized under the conditions of the experiment. The oxidation 
of glyoxal in the presence of the SFH evidently is not an enzymatic reaction, 
since it occurs also in the presence of the heat-denatured SFH. The role of 
heme as a catalyst for the oxidation of glyoxal will be discussed elsewhere (1). 

The results obtained with a series of enzyme concentrations, as represented 
in Fig. 2, indicate that a very small amount of the SFH gives maximum 
activity with a constant concentration of R-5-P. It is evident, therefore, 
that the enzyme which catalyzes the oxidation must be present in relatively 
high concentration in the red cell. The results obtained with a series of 
substrate concentrations in the presence of ferricyanide and with or without 
the addition of the SFH are illustrated in Fig. 3. The rate of oxidation of 
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Fic. 2. Oxidation of R-5-P by ferricyanide in the presence of various concentrations 
of the SFH from rabbit erythrocytes. 


0.02-M R-5-P; 0.02 M ferricyanide; 0.02 M bicarbonate; SFH equivalent to 1 to 30 
mgm. dry weight per flask. Total volume 3.0 ml. Temperature 37°. Gas 5% CO:- 
95% Nz. Ferricyanide placed in the side bulb. 
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Fic. 3. Oxidation of various concentrations of R-5-P by ferricyanide, in the presence 
or absence of the SFH from rabbit erythrocytes. 
A + Ferricyanide + R-5-P 
B 


_ + + 
Cc Obtained by subtracting values in B from those in A 


0.008 to 0.08 M R-5-P; 0.02 M ferricyanide; 0.02 M bicarbonate; 30 mgm. dry weight 
SFH per flask. Total volume 3.0 ml. Temperature 37°. Gas 5% CO-95% Nz. 
Ferricyanide placed in the side bulb and added at zero time. 
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Fic. 4. Oxidation of R-5-P by the SFH from rabbit erythrocytes. Michaelis constant 
for R-5-P. 


R-5-P by ferricyanide alone is directly proportional to the concentration of 
the substrate, and the reaction appears to be of the bimolecular type. In the 
presence of both ferricyanide and the SFH, the rate of the reaction is much 
more rapid, but levels off as the concentration of the substrate is increased. 
The data for the Michaelis curve may be obtained by subtracting the values 
of curve B from those in A. By plotting 1/V against 1/S, or S/V against S, 
as illustrated in Fig. 4, a A, value of about 2.5 X 10-? J is obtained. 

It is evident from the data in Table II that azide had no effect on the rate 
of oxidation of R-5-P in the presence of ferricyanide and the SFH. The 
addition of cyanide, on the other hand, completely inhibited the reaction. 
A small uptake of gas occurred in the presence of R-5-P and cyanide, possibly 


TABLE II 


EFFECT OF CYANIDE AND AZIDE ON THE OXIDATION OF R-5-P BY FERRICYANIDE 
AND THE SFH FROM RABBIT ERYTHROCYTES 


SFH R-5-P Ferricyanide Cyanide Azide bl. COz (30 min.) 


“fp 


- 36 
- 31 
34 
_ — 43 

242 
— 44 
+ ae = 70 
+ = = 240 


+++ 
++ 
+1 t+ 
lb++++ 
bi 


+++4++ 
| 
+ 
| 


il 
+. 
T 


0.03 M R-5-P; 0.005 M cyanide; 0.01 M azide; 0.02 M ferricyanide; 0.02 M bicar- 
bonate; 15 mgm. dry weight SFH per flask. Total volume 3.0 ml. Temperature 37°. Gas 5% 
CO-95% Ne. Ferricyanide added from the side bulb at zero time. 





wm 
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because of cyanohydrin formation, but this occurrence does not alter the 
significance of the results. The high K, value, the inhibition of the reaction 
by cyanide, and the fact that neither DPN nor TPN is required in the 
anaerobic oxidation may be cited as evidence that the catalyst of the 
oxidation of R-5-P in these experiments is not a dehydrogenase. 


Oxidation of R-5-P in the Presence of Oxygen and Methylene Blue 

From the results presented in Table III it is clear that the mechanism of 
the oxidation of R-5-P is more complex in the presence of MeB and oxygen 
than under anaerobic conditions. An appreciable degree of spontaneous 
oxidation of R-5-P occurs in an atmosphere of pure oxygen. Neither MeB 
nor SFH, provided that each is added alone, affects the rate of autoxidation. 
However, the addition of the SFH and MeB together evokes a significant 
increase in the rate of oxygen consumption. The rate of the oxidation may 
be further increased by the addition of DPN. The latter reaction, which is 
catalyzed by triosephosphate dehydrogenase, is discussed elsewhere. 


TABLE Ill 


AEROBIC OXIDATION OF R-5-P IN THE PRESENCE OF MeB, DPN?*, 
AND THE SFH OF RABBIT ERYTHROCYTES 











SFH R-5-P MeB DPN+ pl O2 (60 min.) 
+ + + + 109 
+ + + - 65 
- + +- — 36 
+ ~ + “ 0 
+ + = - 38 


_ + = _ 33 





0.04 M R-5-P; 0.006 M MeB; 5 X 10-* M DPN; 0.02 M phosphate buffer pH 7.4; 53 
mgm. dry weight SFH per flask. 0.2 ml. 30% KOH in center well. Total volume 3.0 ml. 
Temperature 37°. Gas 100% oxygen. MeB placed in the side bulb and added at zero time. 


The autoxidation of R-5-P appears to be a bimolecular reaction between 
substrate and molecular oxygen and is analogous to the oxidation of the 
pentose phosphate by ferricyanide. The autoxidation is not attributable to 
contamination by heavy metals, since cyanide and a, a’-dipyridyl do not 
inhibit it. Furthermore, ferrous sulphate, ferric chloride, and ferrous-o- 
phenanthroline in 0.01 M concentration have no effect on the rate of the 
reaction. Finally, the oxygen uptake in the presence of MeB and relatively 
darge amounts of the SFH can be explained on the basis of the peroxidase 
activity of catalase as discussed below. 
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Role of Catalase in the Oxidation of R-5-P 


The results illustrated in Fig. 5 show that purified catalase from beef liver 
can catalyze the oxidation of R-5-P in the presence of ferricyanide. Identical 
results were obtained with purified catalase from rabbit erythrocytes and 
with a commercial preparation of the enzyme obtained from Armour 
Laboratories. 
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Fic. 5. Effect of azide and cyanide on the oxidation of R-5-P in the presence of 
ferricyanide and purified liver catalase. 


A Catalase + R-5-P + Ferricyanide 

B - + a 

Cc a + + + Azide 

D + + + + Cyanide (corrected) 


0.03 M R-5-P; 0.02 M ferricyanide; 0.02 M bicarbonate; 0.005 M cyanide; 0.1 M 
azide; 1 mgm. purified beef liver catalase per flask. Total volume 3.0 ml. Temperature 
37°. Gas 5% CO2-95% Ne. Ferricyanide placed in the side bulb and added at zero time. 


The results with a series of catalase concentrations presented in Fig. 6 
indicate that as little as 200 uwgm of the enzyme per 3 ml. flask yields maximum 
activity. A series of substrate concentrations, as illustrated in Fig. 7, gave 
the same K, values as were obtained with the SFH. Boiling of the catalase 
preparations completely destroys the activity towards R-5-P, and again, the 
introduction of cyanide completely inhibits the reaction. Azide has no effect. 

In contrast with the SFH, purified catalase does not catalyze the oxidation 
of R-5-P in the presence of MeB and oxygen. However, in the presence of a 
system which slowly produces hydrogen peroxide, catalase promotes the 
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Fic. 6. Oxidation of R-5-P in the presence of ferricyanide and various concentrations 
of purified liver catalase. 


0.02 M R-5-P; 0.02 M ferricyanide; 0.02 M bicarbonate; 0.05 to 1 mgm. catalase per 


flask. Total volume 3.0 ml. Temperature 37°. Gas 5% CO.-95% Ne. Ferricyanide 
placed in the side bulb and added at zero time. 
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Fic. 7. Oxidation of various concentrations of R-5-P by ferricyanide in the presence 
or absence of purified beef liver catalase. 
A Catalase + R-5-P + Ferricyanide 
B = = + 
Cc Values Curve A minus those Curve B 


0.008 to 0.08 M R-5-P; 0.02 M ferricyanide; 0.02 M bicarbonate; 0.5 mgm. catalase 


per flask. Total volume 3.0 ml. Temperature 37°. Gas 5% CO:-95% Ne. Ferricyanide 
placed in the side bulb. 
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Fic. 8. Coupled oxidation of ethanol and R-5-P by the glucose oxidase system and 
catalase purified from beef liver. 


A Notatin + Glucose + Catalase 
B + + + + R-5-P (corrected) 
Cc + + + + Ethanol 


0.02 M glucose; 0.04 M R-5-P; 0.04 M ethanol; 0.05 M phosphate buffer pH 7.4; 5 
mgm. notatin and 2 mgm. catalase per flask. 0.2 ml. 20% KOH in center well. Total 
volume 3.0 ml. Temperature 37°. Gas: oxygen. Glucose placed in the side bulb. 


oxidation of the pentose phosphate. Keilin and Hartree (3) have shown that 
catalase can act as a peroxidase and can oxidize ethanol and other alcohols 
in the presence of hydrogen peroxide-producing systems such as glucose and 
notatin. Fig. 8 represents the results obtained by incubating R-5-P in the 
presence of oxygen, glucose, notatin, and purified liver catalase. Fig. 9 
indicates the results obtained with the SFH of rabbit erythrocytes. The 
values have been corrected for autoxidation of R-5-P and show a significant 
increase in the oxygen consumption of the complete system over that of the 
controls not containing R-5-P. A much larger concentration of catalase or 
of SFH is required under these conditions than is required to give full activity 
with ferricyanide under anaerobic conditions. The direct addition of hydrogen 
peroxide to a system containing catalase and R-5-P will not bring about an 
appreciable oxidation of the pentose phosphate, but results mainly in the 
destruction of the hydrogen peroxide. The efficient oxidation of R-5-P by 
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Fic. 9. Coupled oxidation of ethanol and R-5-P by the glucose oxidase system and the 
SFH from rabbit erythrocytes. 


A Notatin a Glucose aad SFH 
B + + o + R-5-P (corrected) 
Cc + + 4 + Ethanol 


0.02 M glucose; 0.04 M R-5-P; 0.04 M ethanol; 0.05 M phosphate buffer pH 7.4; 
5 mgm. notatin and 30 mgm. SFH per flask. 0.2 ml. 20% KOH in center well. Total 
volume 3.0 ml. Temperature 37°. Gas: oxygen. Glucose placed in the side bulb. ° 


the peroxidase action of catalase requires a system which generates hydrogen 
peroxide, and at the same time, a concentration of catalase at least 1000 


times greater than is ordinarily required to destroy the equivalent amount of 
hydrogen peroxide. 


Discussion 


It is well known that the oxidation of leucomethylene blue by oxygen is 
accompanied by the formation of hydrogen peroxide. It is known also that 
addition of MeB to blood promotes the formation of methemoglobin. The 
mechanism whereby the dye oxidizes the hemoglobin is not clearly understood, 
but it is known that hydrogen peroxide is formed in the process (4, p. 391). 
Under anaerobic conditions in the presence of ferricyanide, purified catalase 
brings about the oxidation of the pentose phosphate, while under aerobic 
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conditions in the absence of ferricyanide, catalase has no effect even when 
MeB is added. However, in the presence of a system such as notatin and 
glucose which gives rise to a slow production of hydrogen peroxide, or with 
MeB and hemoglobin, catalase does bring about the coupled oxidation of 
R-5-P. It is clear therefore that MeB has no direct action on the pentose 
phosphate, but acts only indirectly through production of hydrogen peroxide. 
It follows that a much larger concentration of the SFH is required under 
aerobic than under anaerobic conditions not only because more catalase is 
required for the coupled oxidation of R-5-P, but primarily because large 
amounts of hemoglobin must be present in order to generate sufficient 
hydrogen peroxide for the coupled oxidation. 

That catalase can promote the oxidation of R-5-P by ferricyanide is surpris- 
ing, since the iron in the hemin prosthetic group of the enzyme is considered 
to remain in the ferric state during the catalytic destruction of hydrogen 
peroxide (4, p. 409). However, under anaerobic conditions, in the presence 
of ferricyanide and R-5-P, no hydrogen peroxide is formed. It appears 
therefore that catalase, in its action on R-5-P undergoes an alternate oxidation 
and reduction, as follows: 


R-5-P ( Catalase yf PO — Ht 


H+ — oxidation” \\Catalase Fett 7 Ferricyanide 
product 


The complete inhibition of the reaction with low concentrations of cyanide 
lends support to the view that the above mechanism is operative. 
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METABOLISM OF MAMMALIAN ERYTHROCYTES 


VI. HEME AS A CATALYST FOR THE OXIDATION OF GLYOXAL 
IN THE ERYTHROCYTE! 


By Marc FRANCOEUR? AND ORVILLE F. DENSTEDT 


Abstract 


The oxidation of glyoxal by ferricyanide or by molecular oxygen has been 
shown to be catalyzed by the stroma-free hemolyzate of human, rat, and rabbit 
erythrocytes. The catalysis is non-enzymatic and has been shown to be brought 
about by the heme of the blood pigment. NHeat-denatured SFH, purified Hb, 
and cytochrome c yield the same results as fresh SFH. Evidence is presented 
that the mechanism of the catalysis involves a valency change in the heme of 
the blood pigment. 


The oxidation of a large number of compounds, including unsaturated fatty 
acids (10, 11), cysteine and glutathione (3, 7), ascorbic acid (4), benzaldehyde 
(8), and pyruvic acid (9), is known to be catalyzed by heme derivatives. In 
the course of a study of the metabolism of R-5-P* in mammalian erythrocytes, 
glyoxal, a presumed intermediate, was found to be rapidly oxidized by ferri- 
cyanide or MeB in the presence of the stroma-free hemolyzate prepared from 
human, rat, or rabbit erythrocytes. Unlike the oxidation of R-5-P by the 
same preparations (2), the oxidation of glyoxal was found to be non-enzymatic. 
Evidence is presented that the catalysis is brought about by the heme of the 
Hb and that the mechanism of the catalysis may involve a valency change in 
the iron of the heme. 


Experimental 
Materials 


Cytochrome c of greater than 90% purity was purchased from the Sigma 
Chemical Company and was used as such without further purification. 
Hemoglobin was obtained from the Nutritional Biochemicals Corporation. 
The pigment was dissolved in saline, centrifuged to remove insoluble material, 
and adjusted to pH 7.4 before use. At least 95% of the pigment in the final 
preparation was found to be in the form of MHb. Glyoxal was obtained 
from the Bios Laboratories and was neutralized with sodium hydroxide 
before use. 

The SFH was prepared as described previously (2). In some of the 
experiments, a heat treated SFH preparation was used. The SFH was 


1 Manuscript received March 31, 1954. 
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3 The following abbreviations will be used throughout this paper: ribose-5-phosphate, R-5-P; 
dialyzed stroma-free hemolyzate, SFH; methylene blue, MeB; hemoglobin, Hb; oxyhemoglobin, 
HbO:; methemoglobin, MHb; hydrogen-peroxide hemoglobin, HbO.H2. 
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heated for five minutes in a boiling water bath resulting in complete precipita- 
tion of the Hb and other proteins. The precipitate was homogenized, dialyzed 
for six to eight hours against running tap water, and finally resuspended in 
saline. The pH was adjusted to 7.4. 


Methods 

The manometric experiments were carried out in Warburg respirometers at 
37° C. The activity was measured as oxygen uptake or in the anaerobic 
experiments, as carbon dioxide evolution from bicarbonate buffer. Following 
a 10-min. gassing period, the flasks were placed in the bath and allowed an 
additional 10-min. period for temperature equilibration before mixing. Read- 
ings were begun 10 min. after mixing. 

The spectrophotometric experiments were performed at room temperature 
using the Model DU Beckman spectrophotometer with photomultiplier 
tube assembly. 


Results 


Anaerobic Oxidation of Glyoxal by Ferricyanide in the Presence or Absence 
of Heme 

The oxidation of glyoxal by ferricyanide in the presence of various heme 
compounds is illustrated in Table I. It is evident that the rate of the oxidation 
is proportional to the heme content of the preparations. The SFH, the heat 
treated SFH, Hb, and cytochrome c gave essentially the same rate of oxidation 
on a dry weight basis, while catalase proved to be inert, probably because of 
the relatively small amount of heme present. 


TABLE I 


OXIDATION OF GLYOXAL BY FERRICYANIDE IN THE PRESENCE OF VARIOUS 
HEME-CONTAINING COMPOUNDS 











Catalyst Glyoxal Ferricyanide Go win) 5 QCo2 

SFH + + 550 20.6 

Boiled SFH + + 450 22.5 

Hemoglobin oe - 486 23.2 

Cytochrome c te a 259 20.8 
Catalase 1 a 45 
—_— + + 43 





_ 0.04 M glyoxal; 0.02 M ferricyanide; 0.02 M bicarbonate; about 50 mgm. dry weight SFH, 
boiled SFH or Hb per flask; 25 mgm. cytochrome c per flask. Total volume 3.0 ml. Temperature 
37° C. Gas 5% CO-95% Ne. Glyoxal placed in the side arm. 





Pare TIER SN 
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Fig. 1 shows that the rate of the oxidation of glyoxal by ferricyanide was 
proportional to the concentration of the substrate over a wide range, indicating 
that the reaction is of the bimolecular type. Similar results were obtained 
also by varying the concentration of ferricyanide. When ferricyanide and 
the SFH were present together, the rate of the oxidation was greatly increased, 
but the shape of the curve remained the same. As illustrated in Fig. 2, the 
rate of the reaction was directly proportional also to the concentration of the 
SFH over a wide range. Identical results were obtained when the heated 
SFH, Hb, or cytochrome c was used instead of the SFH. 


Aerobic Oxidation of Glyoxal in the Presence or Absence of MeB and Heme 

In an atmosphere of pure oxygen, the oxidation of glyoxal takes place as 
illustrated in Table II. Glyoxal alone displayed significant autoxidation 
which was not affected by MeB, but was significantly accelerated by the 
SFH. When MeB and the SFH were present together, a further increase in 
the oxygen consumption occurred. 


FIG.I “ FIG.2 
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Fic. 1. Oxidation of various concentrations of glyoxal by ferricyanide in the presence 
and absence of the SFH of rabbit erythrocytes. 
A SFH + Glyoxal + Ferricyanide 
B _ - = 
0.005 to0.1 M glyoxal; 0.02 M ferricyanide; 0.02 M bicarbonate; 30 mgm. dry weight 


SFH per flask. Total volume 3.0 ml. Temperature 37°C. Gas 5% CO.-95% No. 
Glyoxal placed in the side arm. 


Fic. 2. Oxidation of glyoxal by ferricyanide in the presence of various concentrations 
of the SFH of rabbit erythrocytes. 
0.04 M glyoxal; 0.02 M ferricyanide; 0.02 M bicarbonate; 3.5-70 mgm. dry weight 


SFH per flask. Total volume 3.0 ml. Temperature 37°C. Gas 5% CO:-95% No. 
Glyoxal placed in the side arm. 
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TABLE II 


AEROBIC OXIDATION OF GLYOXAL IN THE PRESENCE OF MeB AND VARIOUS 
HEME-CONTAINING COMPOUNDS 











Catalyst Glyoxal MeB pl. O2 (60 min.) 
SFH a 123 
> + = 51 
Boiled SFH - a 93 
+ + a a = 71 
Cytochrome c a 78 
+ + jo 48 
- a > 20 
- + = 20 





0.04 M glyoxal; 0.006 M MeB; 0.05 M phosphate buffer pH 7.4; 0.02 ml. 20% KOH 
in center well; 60, 40, 50 mgm. dry weight of SFH, boiled SFH, and cytochrome c, respectively 
per 3.0 ml. flask. Temperature 37° C. Gas 100% oxygen. Glyoxal placed in the side arm. 


The results represented in Figs. 3 and 4 were obtained by varying the 
concentration of glyoxal or of the SFH. The results agree with those obtained 
with ferricyanide under anaerobic conditions in that the rate of the oxidation 
is proportional to the concentration of both the substrate and the catalyst 
over a wide range. The results with heat-treated SFH, Hb, and cytochrome 
c were the same whether the SFH was prepared from rat, human, or rabbit 
erythrocytes. 

The exact mechanism whereby heme and its derivatives catalyze the 
oxidation of the various compounds mentioned remains unknown (6). With 
reference to the oxidation of glutathione, cysteine, and ascorbic acid, Lemberg 
et al. (4) suggest that a valency change in the iron of the heme is involved in 
the catalysis. Thus, the oxidized form of the heme oxidizes the substrate 
more rapidly than molecular oxygen and the reduced heme is more rapidly 
oxidized than the substrate. On the other hand, Barron and Lyman (1), 
on the basis of experiments with chain-reaction inhibitors, suggest that the 
catalysis of fatty acid oxidation by hematin compounds does not involve a 
valency change in the catalyst, but that the function of the heme is merely 
to provide a nucleus for the initiation of the chain reaction. Meyer (8) has 
shown that rapid oxidation of benzaldehyde can be catalyzed by ferrous and 
ferric salts as well as by phosphate or pyridine hemin. 


In our experiments with glyoxal, there was no evidence that heavy-metal 
catalysis was involved in the reaction; the preparations had been thoroughly 
dialyzed and gave negative tests for iron salts. Furthermore, ferrous sulphate, 
ferric chloride, and ferrous-o-phenanthroline in 0.04 M concentration did not 
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Fic. 3. Oxidation of various concentrations of glyoxal by molecular oxygen in the 
presence of MeB and in the presence and absence of the SFH of rabbit erythrocytes. 
A SFH + MeB + Glyoxal 
B ~ + + 
0.005 to 0.1 M glyoxal; 0.006 M MeB; 0.05 M phosphate buffer pH 7.4; 80 mgm. 
dry weight SFH per flask; 0.2 ml. 20% KOH in center well. Total volume 3.0 ml. 
Temperature 37°C. Gas: oxygen. Glyoxal placed in the side arm. 


Fic. 4. Oxidation of glyoxal by molecular oxygen in the presence and absence of 
MeB and various concentrations of the SFH of rabbit erythrocytes. 
A SFH + MeB + Glyoxal 
B + = + 
0.04 M glyoxal; 0.006 M MeB; 0.05 M phosphate buffer pH 7.4; 7-120 mgm. dry 


weight SFH per flask; 0.02 ml. 20% KOH in center well. Total volume 3.0 ml. 
Temperature 37°C. Gas: oxygen. Glyoxal placed in the side arm. 


increase the rate of the oxidation under aerobic or anaerobic conditions, and 
a, a’-dipyridyl caused no inhibition of the oxidation. We are obliged to 
conclude therefore that the oxidation of glyoxal is catalyzed by heme alone, 
and not by any heavy metal or other material present in the preparations. 
Cyanide could not be used as an inhibitor in these experiments, since it reacts 
very rapidly with glyoxal. 

Chain reaction inhibitors such as a@-naphthol, catechol, pyrogallol, and 
resorcinol had no effect on the oxidation of glyoxal in the presence of any of 
the heme compounds used in this study. It is doubtful, therefore, whether 
a chain-reaction mechanism can be involved in the catalysis, even in the case 
of the insoluble denatured Hb (heat treated SFH). 


The SFH, which yields a clear solution of Hb and HbOQ, in concentration of 
at least 95%, was found to oxidize glyoxal at the same rate as the heat treated 
SFH, which is completely insoluble. It seems logical to suppose, therefore, 
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that the same mechanism of oxidation is operative in both cases. The SFH 
offers the important advantage over the denatured preparation of being 
amenable to spectrophotometric analysis. Hb or HbO: when present together 
with MHb in solution can readily be differentiated in the spectrophotometer 
and the rate of their interconversion can be followed. To exclude the possible 
interference by other pigments, the measurements were carried out at three 
wave lengths, 390, 440, and 550 my. Thus, any increase in the concentration 
of Hb or HbO:, would give an increase in the optical density at 390 and a 
decrease in density at 440 and 550 my, while the reverse would be true if the 
concentration of MHb were increased. A simultaneous and corresponding 
change in density at all three wave lengths would indicate that no other 
pigment was being formed. 


Effect of Glyoxal on Hb or HbO, and MHb 

The results obtained by incubating glyoxal in the presence of dilute 
solutions of HbO, or of MHb are represented in Fig. 5. On the basis of the 
previously described anaerobic experiments with ferricyanide, it was to be 
expected that glyoxal would reduce MHb to Hb according to the following 
equations: 


Hb or HbO, + ferricyanide — MHb + ferrocyanide (very rapid). 
Ferricyanide + glyoxal — ferrocyanide + oxidation product (slow). 
MHb + glyoxal — Hb + oxidation product (rapid). 


Thus, in the presence of ferricyanide, all the Hb is converted to MHb. 
Denatured Hb and cytochrome ¢ similarly are oxidized by ferricyanide. From 
the results represented in Fig. 5 it is evident that glyoxal can reduce MHb to 
Hb in’absence of ferricyanide. The rate of the conversion appears to be slow, 
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Fic. 5. Conversion of HbO. to MHb and of MHb to Hb in the presence of glyoxal. 
0.04 M glyoxal; 0.05 M phosphate buffer pH 7.4; 3 mgm. dry weight HbO. or MHb 
per cuvette. Total volume 3.0 ml. Temperature 27°C. Control contained glyoxal 
and_phosphate buffer, but no HbO: or MHb. 
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but the amount of MHb present in the spectrophotometric cuvette was only 
about one tenth of that in the Warburg flask of the experiment represented 
in Table I. 

From the results of the aerobic experiments presented in Table II, the 
oxidation of glyoxal by molecular oxygen appears to proceed as follows: 


HbO, + MeB — MHb (moderately rapid). 

Glyoxal + Os: — oxidation product + H,O, (slow). 
Glyoxal + MHb — oxidation product + Hb (rapid). 
Hb + O, — HbOr. 


Thus, in the presence of MeB, MHb is formed. The latter reacts more 
rapidly with glyoxal than does molecular oxygen. However, in the absence 
of MeB, and therefore under conditions in which the pigment exists as HbOz, 
a significant degree of catalysis of the oxidation of glyoxal was observed. 
This is analogous to the formation of MHb from HbO, indicated in Fig. 5. 
Clearly, some mechanism other than a valency change is necessary to explain 
how HbO, catalyzes the oxidation of glyoxal. In the case of the denatured 
SFH, the heme of the pigment becomes autoxidizable and thus the influence 
of MeB is not as great as with HbO.. 

It is probable that in the conversion of HbO, to MHb by glyoxal there 
occurs a coupled oxidation of HbO:, and the substrate analogous to that 
suggested by Lemberg et a/. (5) with reference to the oxidation of ascorbic acid 
by hemolyzed blood. This mechanism involves the formation of HbO.He 
and the green pigment, choleglobin, as intermediate products. The results 
obtained by measuring the absorption at 390, 440, and 550 my during the 
incubation of HbO, or MHb with ascorbic acid are represented in Fig. 6. 
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Fic. 6. Coupled oxidation of Hb and ascorbic acid with formation of choleglobin. 
0.02 M ascorbic acid; 0.05 M phosphate buffer pH 7.4; 3 mgm. dry weight HbO;, or 
MHb per cuvette. Total volume 3.0 ml. Temperature 27°C. Control contained 
ascorbic acid and phosphate buffer but no HbO, or MHb. 
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The autocatalytic breakdown of HbO,.H2 with formation of choleglobin is 
indicated by the abrupt changes in the optical density at the respective wave 
lengths. No such change in density occurred even after prolonged incubation 
of glyoxal with HbO, or MHb solutions. Since choleglobin is an inevitable 
intermediate in the reaction it must be concluded that glyoxal does not undergo 
coupled oxidation with HbO,. 


Discussion 


Simon et al. (10) have shown that Hb has a small catalytic effect on the 
oxidation of phospholipids, but cytochrome c does not accelerate this reaction. 
Our finding that hemoglobin and cytochrome c were as effective as denatured 
hemoglobin in accelerating the oxidation of glyoxal is therefore unexpected. 

The catalysis clearly does not involve free iron, and it is very doubtful that 
a chain-reaction mechanism is operative. The simplest explanation for the 
Warburg and spectrophotometric experiments is that a valency change occurs 
in the iron of the heme. Thus, the effective catalyst is MHb or ferric heme. 
However, an additional mechanism must be postulated in order to explain the 
catalytic effect of HbO. under conditions where MHb is not formed. 
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METABOLISM OF MAMMALIAN ERYTHROCYTES 


VII. THE GLUTATHIONE REDUCTASE OF THE MAMMALIAN ERYTHROCYTE! 
By Marc FRANCOEUR? AND ORVILLE F. DENSTEDT 


Abstract 


In the presence of the stroma-free hemolyzate of rat, rabbit, and human 
erythrocytes, GSSG has been shown to be reduced by G-6-P and TPN*+, HDP 
and DPN‘, or by chemically reduced TPNH and DPNH. Evidence has been 
presented that DPNH-GSSG reductase requires a cofactor for full activity. 


In 1932, Mann (7) observed that glucose dehydrogenase, prepared according 
to the method of Harrison, can bring about the reduction of GSSG to GSH?’ 
in the presence of glucose and a crude nucleotide preparation. Soon afterward, 
Meldrum and Tarr (9) found that the TPN-linked oxidation of hexose mono- 
phosphate in extracts prepared from hemolyzate of rat erythrocytes can be 
coupled with the oxidation of GSH by molecular oxygen. In 1938, Engelhardt 
and Barkash (2) reported that the anaerobic oxidation of 6-P-G can be 
coupled with the reduction of GSSG in yeast-maceration juice. More 
recently Rall and Lehninger (12) have found GSSG reductase in a number of 
animal tissues while Mapson and Goddard (8) and Conn and Vennesland (1) 
obtained the enzyme from a number of plant tissues. These workers (1, 8, 12) 
were unable to demonstrate the reduction of GSSG by the addition of DPNH 
to their preparations and concluded therefore that TPNH rather than DPNH 
must be the specific coenzyme for the GSSG reductase. In the present 
communication, evidence is presented for the existence of both TPNH- and 
DPNH-GSSG reductase activity in rat, rabbit, and human erythrocytes. 


Experimental 


Materials ’ 
G-6-P, F-6-P, HDP, DPN*, and GSH were obtained from the Sigma 
Chemical Company or from the Nutritional Biochemicals Corporation. The 
DPN?* was of 90% purity and contained no ATP or TPN*+. TPN?* was 
prepared in our laboratory from pork liver, by the method of LePage and 
Mueller (6). The preparations ranged from 20-50% purity and contained 
appreciable amounts of DPN*+. Reduced DPN+ and TPN* were prepared 
by the method of Ohlmeyer (10). GSSG was prepared by oxidation of GSH 


1 Manuscript received March 31, 1954. 


Contribution from the Department of Biochemistry, McGill University, Montreal, Que. 
This study represents part of a program of research on the preservation of human erythrocytes. 
We are grateful to the Defence Research Board of Canada for financial support of the complete 
program (Project DRB-98). 
2 Present Address: Hotel-Dieu Hospital, Montreal, Que. 


3 The following abbreviations are used throughout this paper: reduced glutathione, GSH; 
oxidized glutathione, GSSG; 6-phosphogluconate, 6-P-G; glucose-6-phosphate, G-6-P; fructose-6- 
phosphate, F-6-P; hexose diphosphate, HDP; diphosphopyridine nucleotide, DPN*; triphos- 
phopyridine nucleotide, TPN*; the reduced pyridine nucleotides, DPNH and TPHN; methyl- 
glyoxal, MeG; stroma-free hemolyzate, SFH. 
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with iodine according to the procedure of Rall and Lehninger (12). The 
results with these preparations were the same as with the GSSG purchased 
from the Nutritional Biochemicals Corporation. 

The stroma-free hemolyzate (SFH) was prepared as described previously 
(3), but some of the preparations were not dialyzed. The SFH contains all 
of the enzymes necessary for the demonstration of GSSG reductase activity, 
namely, glyoxalase, G-6-P dehydrogenase, aldolase, triose phosphate dehydro- 
genase, and GSSG reductase. 


Methods 


To avoid the tedious chemical determination of GSH and GSSG the former 
was estimated by means of the enzyme glyoxalase which is present in high 
concentration in the SFH and requires GSH specifically as a coenzyme. The 
enzyme catalyzes the conversion of MeG to lactic acid in the presence of 
GSH but not in the presence of the oxidized form (GSSG). Under certain 
conditions, the rate of formation of lactic acid from MeG is directly propor- 
tional to the concentration of GSH and thus the reaction affords a specific 
and sensitive method for the estimation of the coenzyme (11): 

The manometric experiments were carried out at 37° in conventional 
Warburg respirometers with flasks having two side bulbs. A preliminary 
incubation period, during which the GSSG reductase reaction was allowed to 
proceed, was followed by a second period in which the reduced GSH was 
assayed by tipping in MeG from the second side bulb and measuring the 
volume of carbon dioxide liberated from the bicarbonate buffer by the lactic 
acid formed in the reaction. There was no gas evolution during the preliminary 
incubation period. 

Spectrophotometric experiments were carried out with the Model DU 
Beckman Spectrophotometer equipped with the photomultiplier tube assembly. 


Results 


Aerobic and Anaerobic Glyoxalase Activity of Intact Erythrocytes in the Presence 
or Absence of Glucose 

The experiment outlined in Table I confirms the early findings of Jowett 
and Quastel (4) that glucose increases the aerobic glyoxalase activity in the 
intact erythrocyte. The aerobic glyoxalase activity of washed (glucose-free) 
red cells is about one fifth of that obtained under anaerobic conditions. The 
addition of GSH has no effect on the glyoxalase activity since the coenzyme 
cannot penetrate the cell. Clearly, intracellular GSH is oxidized very 
rapidly in an atmosphere of 95% oxygen, but in the presence of glucose the 
rate of the reduction of GSSG exceeds that of its oxidation. In an atmosphere 
of air, on the other hand, intracellular GSH apparently is not oxidized at a 
significant rate, since the glyoxalase activity of cells which had been washed 
to remove glucose and were allowed to stand for an hour or two was the same 
under anaerobic conditions, whether or not glucose was added. 














——————— 
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TABLE I 


AEROBIC AND ANAEROBIC GLYOXALASE ACTIVITY OF RABBIT ERYTHROCYTES 
IN THE PRESENCE OR ABSENCE OF GLUCOSE 








pl. COz evolved 








Blood GSH MeG Glucose 
Aerobic Anaerobic 
+ + + + 660 755 
+ ~* = + 677 775 
+ + = + 0 0 
es +. + - 142 725 





0.02 M glucose; 0.0035 M GSH; 0.04 M MeG; 0.02 M bicarbonate; 28 mgm. dry weight 
cells per flask. Total volume 3.0 ml. Temperature 37°. Gas 5% CU2-95% Oz or 5% CO.-95% 


Nz. MeG placed in the side bulb. The CO: evolution is given for the 5-25 min. period after 
mixing. 


Aerobic and Anaerobic Glyoxalase Activity of the SFH 


The addition of glucose to the SFH under the conditions of our experiments 
has no effect on the glyoxalase activity, since it is not phosphorylated and 
does not give rise to reduced TPN+ or DPN+. However, if G-6-P and 
TPN*, or HDP and DPN?* are added to the reaction mixture, the results 
illustrated in Tables II and III are obtained. Clearly the aerobic glyoxalase 
activity was increased by the presence of the reducing substrate and pyridine 
nucleotide. In order to dissociate the oxidation of GSH from the reduction 
of GSSG and to show conclusively that the increase in the glyoxalase activity 
is actually due to the presence of GSH formed by the reduction of GSSG, the 
experiments represented in Tables IV and V were performed. An anaerobic 
atmosphere (5% CO.—95% Ne) was used and added GSSG was the source of 
the GSH. Thus, no reoxidation of GSH could take place and the carbon 
dioxide evolution from the bicarbonate buffer by the lactic acid produced 
afforded a measure of the glyoxalase activity and of the concentration of 
GSH formed from GSSG by the combined action of the reducing substrate, 
pyridine nucleotide, and GSSG reductase. The longer the period of incuba- 
tion of the latter mixture of substances with the SFH before addition of the 
MeG, the greater will be the concentration of GSH in the medium. These 
findings were confirmed in a more direct fashion by the experiment illustrated 
in Table VI. It may be observed that the chemically reduced TPNH and 
DPNH caused a rapid reduction of the GSSG. A more prolonged incubation 
of GSSG with the SFH and DPNH or TPNH prior to addition of MeG did 
not significantly increase the glyoxalase activity, hence the reaction between 
the GSSG and DPNH or TPNH must occur very rapidly. 
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TABLE II 


AEROBIC GLYOXALASE ACTIVITY OF THE SFH OF RABBIT ERYTHROCYTES IN 
THE PRESENCE OR ABSENCE OF TPN* AND G-6-P 











SFH MeG GSH G-6-P TPN+ A) bag 
+ + + + + 388 
+ - + + + 0 
+ + ~ + + 45 
+ + - aa we 54 
+ + + ~ ~ 296 





0.04 M MeG; 0.006 M GSH; 0.02 M G-6-P; 4 X 10-* M TPN*; 20 mgm. dry weight 
SFH per flask. Total volume 3.0 ml. Temperature 37°. Gas 5% CO-95% Oz. MeG placed 
in the side bulb. 


TABLE III 


AEROBIC GLYOXALASE ACTIVITY OF THE SFH OF RABBIT ERYTHROCYTES IN 
THE PRESENCE OR ABSENCE OF DPNt ano HDP 











SFH MeG GSH HDP DPN+ bo beng 
+ + + + + 300 
+ a + + + 0 
+ + - + + 60 
+ + - ~ - 55 
+ + + - = 246 





0.04 M MeG; 0.006 M GSH; 0.02 M HDP; 5 X 10-* M DPN*; 20 mgm. dry weight 
SFH per flask. Total volume 3.0 ml. Temperature 37°. Gas 5% CO:95% Oz. MeG placed 
tn the side bulb. 


TABLE IV 


RepuctTion oF GSSG sy G-6-P AND TPN* IN THE PRESENCE OF THE 
SFH oF RABBIT ERYTHROCYTES 








CO: evolution (yl.) after 
various periods of preincubation 








SFH MeG GSSG G-6-P TPNt of the GSSG 
0 min. 20 min. 40 min. 
+ ao a + + 123 169 234 
+ + - + + 54 54 58 
oa o a — = 75 75 66 





0.04 M MeG; 0.035 M GSSG; 0.02 M G-6-P; 4 X 10-* M TPN*; 0.02 M bicarbonate; 
24 mgm. dry weight SFH per flask. Total volume 3.0 ml. Temperature 37°. Gas 5% CO:-95% 
Nz. MeG placed in one side bulb and tipped in 40 min. after temperature equilibration. GSSG 
placed in the other side bulb and tipped in 0, 20, and 40 min. after equilibration. CO: evolution 
given for the 10-70 min. period after addition of MeG. 

















I 
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TABLE V 


Repuction or GSSG sy HDP anp DPN? IN THE PRESENCE OF THE 
SFH oF HUMAN ERYTHROCYTES 











CO: evolution (l.) after 
various periods of preincubation 








SFH MeG GSSG HDP DPNt of the GSSG 
0 min. 20 min. 40 min. 
+ + + + + 352 407 475 
+ + - + aa 177 196 188 
+ + + _ _- 127 143 130 





0.04 M MeG; 0.035 M GSSG; 0.02 M HDP; 5 X 10-* M DPN*; 0.02 M bicarbonate; 
40 mgm. dry weight SFH per flask. Total volume 3.0 ml. Temperature 37°. Gas 5% CO.-95% 
Nz. MeG placed in one side bulb and tipped in 40 min. after temperature equilibration. GSSG 
placed in the other side bulb and tipped in O, 20, and 40 min. after equilibration. CO evolution 
given for the 5-20 min. period after mixing. 


TABLE VI 


RepucTION OF GSSG BY CHEMICALLY REDUCED DPNH anp TPNH InN THE 
PRESENCE OF THE SFH OF RABBIT ERYTHROCYTES 








SFH MeG GSSG DPNH TPNH pl. CO» 





~ + ~ ~ - 537 
+ + - + - 155 
+ + ~ - ~ 189 
+ + 7 - 7 709 
- ~ - 7 - 0 
~ - + - ~ 0 





0.04 M MeG; 0.0035 M GSSG; 3 X 10-°M DPNH; 1 X 10-* M TPNH; 0.02 M 
bicarbonate; 50 mgm. dry weight SFH per flask. Total volume 3.0 ml. Temperature 37°. Gas 
5% CO-95% Nz. MeG placed in one side bulb, DPNH or TPNH in the other. Both MeG 
and DPNH or TPNH are tipped in together after temperature equilibration. COz evolution is 
given for the 5-20 min. period after mixing. 


The results obtained by varying the concentration of the SFH are presented 
in Figs. 1 and 2. With thoroughly dialyzed preparations of the SFH, the 
reduction of GSSG by DPNH was found to be proportional to the concentra- 
tion of the enzyme over a wide range, while with undialyzed preparations, an 
increase in the concentration of the enzyme resulted in a disproportionate 
increase in the rate of reduction of the GSSG. A possible explanation for this 
behavior is that DPNH-GSSG reductase requires a cofactor for maximal 
activity. Thus, as the concentration of the undialyzed SFH is increased, 
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Fic. 1. Reduction of GSSG by DPNH in the presence of various concentrations of the 
dialyzed SFH of rabbit erythrocytes. 


Contents of flasks 


SFH MeG DPNH GSSG 
A 7 + 
B + + ~ 
C - a - + 


0.04 M MeG; 0.0035 M GSSG; 3 X 10-* M DPNH; 0.02 M bicarbonate; range of 0 to 
200 mgm. dry weight SFH per flask. Total volume 3.0 ml.; temperature 37° C.; gas: 
5% CO-95% Ne. MeG was placed in one of the side bulbs and GSSG in the other; after 
temperature equilibration the contents of both side bulbs were tipped into the flask 
simultaneously. Measurement of the CO, evolution is given for the 5-10 min. period 
after the addition of the side-bulb contents. 
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Fic. 2. Reduction of GSSG by DPNH in the presence of various concentrations of 
undialyzed SFH of rabbit erythrocytes. Details same as for Fig. 1. 
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the concentration of the cofactor finally reaches an effective level and brings 
about a disproportionate increase in activity. The requirement for such a 
cofactor would also explain our inability to assay the reduction of GSSG by 
DPNH in the spectrophotometer. Because of the non-specific absorption of 
the hemoglobin in the SFH the maximum amount of the hemolyzate that 
will permit the measurement of DPNH at 340 my is about 3-4 mgm. dry 
weight per 3.0 ml. of medium. Using this concentration of undialyzed SFH 
and an amount of DPNH sufficient to give an optical density of about 1.000 
at 340 my, it was impossible to observe any oxidation of the reduced pyridine 
nucleotide even in the presence of as much as 0.05 M GSSG. In the 
manometric experiments such concentrations of SFH also failed to bring about 
significant reduction of GSSG. The addition of Mgt*, Mnt*, or ATP 
caused no increase in the rate of reduction under these conditions. 


Discussion 


Other workers have shown that plant and animal tissues contain a TPN- 
linked glutathione reductase, but efforts to demonstrate the presence of a 
DPN- linked system have hitherto been unsuccessful. The prevalent notion, 
therefore, has been that GSSG reductase is TPNH-specific. To explain 
Mann’s observation (7) that GSSG can be reduced by the DPN+-linked 
glucose dehydrogenase, Rall and Lehninger (12) have suggested that this 
reduction involves an initial conversion of DPN*+ to TPN*+ or of DPNH to 
TPNH by the phosphorylation mechanism elucidated by Kornberg (5). It 
is apparent from the present study, however, that GSSG can be enzymatically 
reduced by chemically prepared DPNH and TPNH or by systems generating 
DPNH or TPNH, in the presence of the SFH of rat, rabbit, or human erythro- 
cytes. We have made no attempt to separate the DPNH- from the TPNH-— 
GSSG reductase, but the likelihood of the conversion of DPNH to TPNH in 
our preparation is very remote, since the latter had been thoroughly dialyzed 
and contained go detectable amount of ATP. 

To explain some of our results we have suggested that DPNH-—GSSG 
reductase requires a cofactor for full activity. Such a requirement may 
explain why other workers have been unable to detect the presence of such a 
system in their enzyme preparations. 
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THE EFFECTS OF SINGLE LARGE INFUSIONS OF VARIOUS 
DEXTRAN SOLUTIONS ON HYPOVOLEMIC DOGS':? 


By RoBEertT E. SEMPLE® 


Abstract 


Standardized bleeding procedures were carried out on anesthetized dogs. 
Some animals received no therapy, some infusions of saline, and some received 
dextran infusions at times that varied from immediately to three and one-half 
hours after hemorrhage. With no therapy, one of eight animals survived; with 
saline infusions, 4 of 13 survived; and with dextran 23 of 24 dogs survived. 
There was often wound bleeding after dextran; this was not seen in saline 
treated animals but dextran treated animals recovered rapidly and no 
other ill-effects were noted. Dextran infusions were quantitatively retained 
in the circulation for an appreciable time and the volume and pressure of the 
circulating fluid were effectively restored and maintained. The amount of 
dextran excreted in urine was inversely related to the mean molecular weight 
of the infused material and the quantity excreted was the same as that observed 
in normal animals. The rate of disappearance of dextran by other than the 
renal route did not vary with the mean molecular weight, and indicated that 
the dextran molecule is catabolized at from 4.9 to 8.6 mgm./hr./kgm. body 
weight. About 50% of total plasma proteins of animals was lost by the 
hemorrhage and was replaced, after dextran infusions, within four days. There 
was no evidence, after dextran infusions, of dextran storage in kidney, spleen, 
or liver. 


Introduction 


Since the second World War several reports and reviews (1, 4, 6) have been 
published concerning the treatment of acute hypovolemia with plasma 
substitutes. 

The present investigation will attempt to answer certain specific questions 
associated with the use of dextran in oligemia resulting from very severe blood 
loss. These questions formulated three major objectives for the project: 
(a) an enquiry into the ability of a single dextran infusion to maintain an 
adequate volume of circulating fluid until the plasma volume is again con- 
trolled by more normal mechanisms; (b) a study of the mobilization or 
regeneration of the proteins of the plasma after a major hemorrhage that is 
followed by dextran therapy; (c) a study of the efficacy of dextran therapy 
when administered at varying times after hemorrhage. 

In addition to the objectives outlined above, the fate of certain dextran 
preparations in dogs subjected to bleeding will be observed and compared 
with the fate of similar preparations in normal animals (12). The latter 
study included an initial report on a dextran preparation that is the result of 
a Canadian research project. Preliminary clinical tests with this material 
have now been published (18) and the present report will record its efficacy 
and that of a standard clinical dextran in preventing the onset of irreversible 
shock in dogs after massive bleeding. 


1 Manuscript received May 3, 1954. 
Contribution from the Banting and Best Department of Medical Research, University of 
Toronto, Toronto, Ont., and the Department of Physiology, Queen’s University, Kingston, Ont. 
2 This work was supported by Medical Grant No. 251 from the Defence Research Board 
of Canada. 
3 Present address: Department of Physiology, Queen’s University, Kingston, Ont. 
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Methods 


Adult mongrel dogs, under light Nembutal anesthesia, were bled by 
the controlled bleeding technique of Walcott (14, 15). The cessation of 
respiration for one minute was taken as the end point of the hemorrhage and, 
in the first series of experiments, 23% (+ 2%) of the bled blood was then 
reinfused through the same femoral artery as was used for bleeding. The 
volume of blood thus withheld averaged in 35 experiments 46.1% (range 
40.1% to 54.1%) of the blood volume as measured before bleeding. Eight 
animals in the series received no infusion therapy, the same number received 
saline infusions immediately following the bleeding procedure, and 19 received 
infusions of clinical dextran solution* at times that varied from a few minutes 
to three and one-half hours after completion of the hemorrhage. All infusions 
were equal in volume to the volume of blood withheld and were administered 
at approximately 10 ml./min. through an external jugular vein. 

The procedure followed in a second series of experiments was exactly as 
described above except that the intra-arterial injection of blood was replaced 
by a similar injection of the plasma expander used in the intravenous infusion. 
The bleeding procedure, thus modified, will be referred to in this report, as 
‘Massive Bleeding” in contrast to the ‘“‘Walcott Bleeding’ employed in the 
first series of experiments. 

Ten animals underwent ‘massive bleeding’ and of these, five received 
saline infusions and five received dextran ‘C’. The arterial blood pressure 
was recorded during and for several hours after bleeding, and the dogs were 
then placed in metabolism cages. 


Five dogs underwent two Walcott bleedings, each followed by infusions of 
dextran ‘C’. The second bleeding took place from four to six months after 
the first, by which time the animals were fully recovered from the original 
bleeding. From one to two months after the second infusion, the animals 
were sacrificed and samples of liver, spleen, and kidney were examined for 
dextran by the histochemical technique described by Mowry and: his 
colleagues (9). 

The volume and the dextran concentration of each urine sample was 
recorded in most experiments during the four days that followed hemorrhage. 
‘ It was considered of interest to compare the excretion of dextran in the bled 
dog with the excretion noted in normal animals (12). A direct comparison 
with these earlier results was possible in the case of the animals that received 
dextran ‘D’ after hemorrhage, inasmuch as the dextran lot number used in 
normal dogs was available for the hemorrhage experiments. In the case of 
dextran ‘C’ a different lot number had to be used. Accordingly five dogs 
that were to be bled and receive dextran ‘C’ received a preliminary small 

* Three dextran preparations were used: two animals received Macrodex (Pharmacia Sweden, 
Stockholm), referred to as dextran ‘A’ in this report; eight received a dextran solution supplied by 
the Connaught Medical Research Laboratories, Toronto, and referred to as dextran ‘C’; nine dogs 
received Intradex (Crooke’s Laboratories, London, England), referred to as dextran ‘D’. The 


mean molecular weight of dextran ‘D’ was higher than that of dextran ‘C’. These and other 
physical characteristics of the dextrans used have been described in an earlier report (12). 
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infusion, as normal animals, of the new batch of this material. The method 
with normal dogs has been described (12). Walcott bleedings, followed by 
dextran infusion, were carried out not less than four weeks after these 
preliminary infusions. 

Plasma volumes were measured before and after hemorrhage, after infusion, 
and usually at 24 hr. intervals thereafter for four days. The T-1824 method 
of Gregersen and Stewart (2) was used and blood and red cell volumes were 
estimated from plasma volume and hematocrit. The hemoglobin concentra- 
tion was determined by observing the light absorption at 540 my of blood 
diluted 250 times with dilute ammonium hydroxide using a Beckman model 
‘B’ spectrophotometer. 

The protein concentration of plasma was determined by measuring both 
total nitrogen and NPN by micro-Kjeldahl procedures (5). Dextran 
concentrations in serum and urine were determined with anthrone reagent. 


Results 


Seven of eight dogs that received no infusion therapy died within nine 
hours of Walcott bleeding; the other animal survived. Five of eight animals 
that received saline infusions died within 12 hr.; the remainder survived 
permanently. One of the dogs that received dextran following Walcott 
bleeding died 24 hr. later, and 18 animals survived permanently. ‘‘Massive”’ 
hemorrhage resulted in four out of five deaths when saline was used to replace 
lost blood, and no deaths in five animals which received dextran. 


The blood pressure changes that followed Walcott bleeding and infusion 
and those that resulted from massive bleeding and infusion were essentially 
the same. Fig. 1 shows that dextran solutions restored and maintained blood 
pressure, saline only partially restored the pressure and, in most cases, main- 
tained it at about 50% of control level until failure developed. 
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Fic. 1. Mean arterial blood pressures in dogs following ‘massive’ hemorrhage and 
infusion of dextran ‘C’ (solid lines) or infusion of 0.9% saline (dotted lines). 
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The dextran infusions used in these experiments often resulted in a variable 
amount of bleeding from wounds in which bleeding had previously stopped. 
In contrast, infusion of bled blood or saline left the wounds in a dry condition. 
In some cases this bleeding seemed to be only minor “‘seepage’’ but in others 
there was an appreciable loss and, if the wound was sutured, large hematomae 
developed. Aside from the bleeding described, no other ill-effects were 
noticed as a result of dextran therapy. Most dogs were active and eating 
well within two to three days and behaved as normal animals within two 
weeks time. 


Autopsy examination of the five animals that had two bleedings separated 
by several months and each followed by dextran showed no pathological 
changes that could be charged to dextran, nor was there any evidence of 
dextran accumulation in liver, spleen, or kidney. 


TABLE I 


THE EXCRETION OF TWO DIFFERENT DEXTRAN PREPARATIONS IN THE 
URINE OF NORMAL AND BLED DOGS 


Cumulative dextran in urine (grams) 








Hours after dextran infusion 











Dextran Experiment 24 48 72 
Mean Range Mean Range Mean Range 
Cc Normal dogs 22.5 11.1-33.9 36.8 34.1-39.3 40.1 36. 2-43.5 
Bled dogs 27.6 16.8-38.1 36.1 32.2-40.3 39.3 33 .7-48.4 
D Normal dogs 28.7 23 .2-35.2 29.7 23 .2-38.2 32.2 22 .5-38.2 
Bled dogs 25.5 17.3-32.7 30.3 24.1-35.6 31.8 27 .3-36.5 








The amount of dextran in the circulation at a given time after infusion and 
the amount appearing in the urine varied with the type of dextran infused. 
These observations are illustrated by Table I and Fig. 2. The amount of 
dextran cleared by the kidneys was the same in bled dogs as in normals 
(Table I). 

Fig. 3 shows that dextran infusions resulted in a volume of circulating 
“‘plasma”’ not significantly different from the arithmetic sum of the preinfusion 
plasma volume and the volume of the dextran solution infused. The volume 
increase brought about by dextran infusion was well maintained. Saline 
infusions resulted in smaller increases in plasma volume which were poorly 
maintained even when the infusion resulted in survival of the animal. Blood 
volumes, as estimated from the plasma volume and hematocrit immediately 
after dextran infusions, averaged 91% (range: 78%-99%) of control volumes. 
These volumes were maintained, during the next four days, at between 76% 
and 89% of control. Changes in hematocrit that followed Walcott bleeding 
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Fic. 2. Disappearance of dextrans ‘C’ and ‘D’ from plasma of bled dogs. Each point 
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Fic. 3. Changes in plasma volumes, total circulating protein, and hematocrits that 
followed bleeding and all dextran infusions. Vertical lines indicate one standard deviation 
on either side of the mean value of all experiments. Total colloid concentration illustrates 
the mean results of experiments in which dextran ‘C’ was used. 
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and dextran infusions are shown in Fig. 3. Hematocrit percentages after 
saline infusions varied considerably. Immediately after infusions they ranged 
from 74% to 84% (m = 80.0%) of control and one hour later ranged from 
83% to 104% (m = 90.1%) of control. The hemoglobin concentration 
dropped, as a result of dextran infusions, from control mean of 15.3 gm./100 
ml. blood to a postinfusion concentration of 7.0 gm./100 ml. blood. Subse- 
quent changes in hemoglobin concentration paralleled the changes in hemato- 
crit illustrated in Fig. 3. Changes in protein concentration of plasma that 
followed bleeding and infusion of dextran ‘C’ are also shown by Fig. 3. Protein 
changes did not differ with the type of dextran used and Fig. 3 also shows the 
mean changes in total circulating protein (product of protein concentration 
and plasma volume) resulting from all the dextran infusions. 

Bleeding procedures resulted in an increase in the concentration of the 
NPN of plasma. The control average was 25.4 mgm.% and the average 
after bleeding was 28.8 mgm.%. NPN values continued to rise in untreated 
animals until death; saline infusions lowered the NPN temporarily, but 
subsequently there were significant increases that lasted until either death 
or recovery. Dextran infusions decreased the mean concentration to 26.9 
mgm.% (control range) and the NPN did not differ significantly from control 
thereafter. 


Discussion 


The dextran solutions used in the experiments reported above effect 
adequate increases in circulating fluid volumes. This observation serves to 
confirm a preliminary report of this work (11) and the results of several 
other investigators (13, 16, 10, 17). 

The present experiments, however, lead to three interesting conclusions 
with respect to plasma volumes. Firstly, within relatively wide limits, the 
time of administration of dextran infusions does not affect plasma volume 
restoration. The volume is restored in dogs that receive dextran three and 
one-half hours after hemorrhage as well as it is in those that receive dextran 
immediately. Parkins et al. (10) record a decrease in survival rate with 
delayed infusions, but the experimental conditions and procedures differ 
considerably from those described above. Secondly, the volume of 
fluid infused is quantitatively retained in the circulation for some time. 
This conclusion is based on the plasma volume data (Fig. 3) and on 
the observation, illustrated by Fig. 4, that no change occurs in the 
disappearance rate of T-1824 as a result of dextran infusions. If the 
vascular compartment is in negative fluid balance after infusion, there 
would be a decrease in the T-1824 disappearance rate from the rate 
observed during control periods. Thus, in normal dogs, fluid infused in 
the form of dextran solutions leaves the vascular compartment rapidly 
and this shift results in a significant change in the disappearance rate 
of T-1824 (12). Albumin balance is maintained in the normal dogs and 
preliminary observations indicate that this is also true in the bled animals. 
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Fic. 4. The mean disappearance rates of T-1824 from the plasma of dogs during 
control periods, after hemorrhage and after infusions of dextran. Points are plotted as 
percentages of mean 10-minute dye concentrations. 


The third point of interest is the fact that the increase in plasma volume is 
maintained indefinitely (Fig. 3). Bull et a/. (1) note that the efficacy of a 
plasma substitute depends, in part, on ability to maintain colloid osmotic 
pressure until endogenous protein can again do the job. Fig. 3 shows that 
following bleeding and infusion procedures, the total colloid concentration 
does, in fact, remain remarkably constant. On the other hand, where no 
fluid deficit exists, as in normal animals (12) or men (18), additional colloid 
does not result in increased plasma volume for any appreciable length of time. 
In these cases the mechanical limitations of the vascular bed appear to negate 
any lasting increase in plasma volume. 

Dextran ‘D’, which has the largest mean molecular weight of the dextrans 
used, shows slightly greater efficacy in plasma volume expansion than the 
other two dextrans, but differences in this respect are not significant. Never- 
theless, it is certain that dextran cleared from the circulation speedily by the 
kidneys can be of little use in maintaining plasma volume. Indeed Wasserman 
and Mayerson, using clear-cut dextran fractions based on renal excretability 
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(17), demonstrate that the dextran not passed by the kidney filter is the 
important factor in the plasma volume expansion obtained with a dextran 
preparation. 

Table I and Fig. 2 show the fraction of infused dextran excreted in urine 
to be related directly to the initial rapid loss of dextran from plasma and 
related inversely to the mean molecular weight of the material infused. The 
size of this fraction is the same in bled as in normal dogs (Table I). The 
possibility exists that there were minor differences between the normal and 
the shocked dogs in the very early rate of dextran secretion, differences that 
would not be observed by the analysis of urine samples. However, excretion 
of dextran and plasma concentrations of NPN suggest that kidney function 
following dextran infusion is adequate but there is insufficient data to conclude 
that it is normal. Other forms of shock produce different results. Thus, 
Millican and Mowry have reported that burned mice do not excrete as large 
a proportion of parenterally administered dextran as do normal animals (7), 
and in another communication Millican and his colleagues (8) report kidney 
lesions in the burned animals. 

The slower and steady rate of dextran disappearance from plasma that 
results after the loss of the excreted fraction does not vary with the molecular 
size of the material infused. This has been shown, in normal dogs, for four 
different dextran preparations, and Fig. 2 shows the same result obtained with 
bled dogs. In the experiments under discussion, unexcreted dextran leaves 
the plasma at a rate that varied from 4.9-8.6 mgm./hr./kgm. body weight. 
This rate varies with the individual animal and is of the same order of 
magnitude as that reported for normal dogs (4.3-6.6 mgm./hr./kgm. body 
weight) (12). These rates would seem to indicate the maximum rate of 
breakdown, in vivo, of the dextran molecule. The idea that the disappearance 
rate discussed above actually represents dextran catabolism was advanced 
by Groenwall (3) who reported that the rate is increased by the administration 
of substances that also increase the metabolic rate. 


Dextran infusions do not interfere with either the mobilization or regenera- 
tion of plasma protein. Zeldis and Alling (19), in a thorough study of plasma 
protein regeneration after bleeding that did not induce shock, report that a 
reduction of the total circulating protein to just over half control amounts 
results in quantitative restoration in two to four days. In the present experi- 
ments the total protein is reduced to the same degree, and the time required 
for restoration is of the same order of magnitude. The same investigators 
report that qualitatively the globulins are restored more rapidly than is the 
albumin. Preliminary studies in this laborarory indicate that the same is 
true following dextran infusions, but fractionation results are still incomplete 
and will be reported in detail in a later communication. Gropper et al. (4) 
have noted that the various criteria used to evaluate plasma substitutes do 
not always correlate. It is certain that survival alone is inadequate. Thus 
some animals that received saline infusions in the present series of experiments 
survived, but with blood pressures that, for long periods, were less than half 
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of normal. Such a situation could lead to serious consequences in man. On 
the other hand, blood pressures might well be maintained at the cost of 
closing down a portion of the vascular bed. Evaluation of the solutions used 
in the present experiments is therefore based on surivival, subjective observa- 
tions, blood pressure and volume data, on information obtained chemically, 
and from autopsies. By these criteria the two clinical dextrans used in most 
of the infusions reported above successfully prevent shock after severe experi- 
mental hemorrhage and allow for speedy and apparently complete recovery. 
Both solutions do, however, often induce an abnormal amount of wound 
bleeding. This phenomenon may be related to the increased clotting times 
caused by dextrans (12), although such increases are relatively small. The 
effect of dextran on bleeding is in need of further study. It should be noted, 
too, that a large proportion of both dextran preparations is, from a physio- 
logical standpoint, useless. Dextran that is filtered by the kidney soon after 
infusion is of little use in maintaining the volume or the pressure of blood. In 
this respect dextran ‘D’ suffers somewhat less than does dextran ‘C’. It 
would appear that an ideal preparation would have a mean molecular weight 
close to that of dextran ‘D’ (about 100,000) but with a considerably smaller 
low molecular weight fraction. 
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A METHOD FOR THE ESTIMATION OF GLYCERIDES IN BLOOD! 


By R. D. STEWART 


Abstract 


A method has been devised by which neutral glycerides may be determined 
in 0.1 ml. of whole blood. Lipid is extracted from the blood with alcohol- 
ether, dissolved in chloroform, and saponified. The liberated glycerol is then 
oxidized with periodic acid and the resulting formaldehyde distilled into sodium 
sulphite solution. The distillate is then reacted with chromotropic acid and 
the resulting color measured with a photoelectric colorimeter. A correction for 
formaldehyde derived from phospholipid may be applied if the blood lipid 
phosphorus level is known. ‘The results of some typical analyses of blood from 
normal and diabetic subjects are given. 


Introduction 


Chemical methods for the determination of neutral fat in blood or tissues 
may be divided into two main classes: (a@) those employing estimation of the 
fatty acid content of an extracted and suitably purified sample and (b) pro- 
cedures based upon estimation of the glycerol content of appropriate extracts. 
Examples of class (a) are the methods of Schmidt-Nielsen (8) in which micro- 
titration is employed; Bloor (2) who used dichromate oxidation to determine 
the fatty acids; and Bauer and Hirsch (1) who employ a color reaction with 
hydroxylamine and ferric chloride. Determination of lipid glycerol has not 
been as popular an approach, but Voris, Ellis, and Maynard (9) have reported 
good results from measuring the periodate consumption of saponified fractions, 
freed of fatty acid by petroleum ether extraction. 

The development of a sensitive colorimetric reaction for formaldehyde in 
biological fluids and extracts by MacFadyen (6) and its employment as a 
quantitative method for certain urinary steroids by Daughaday, Jaffe, and 
Williams (4) suggested the possibility of applying this technique to the 
determination of glycerol from fat. It has been found that the procedure of 
these authors may be readily adapted from the determination of ‘‘formalde- 
hydogenic corticoids” to the determination of lipid glycerol. The reaction is 
sufficiently sensitive so that it is possible to determine tripalmitin with an 
accuracy of +3 wgm., the total quantity in the analytical sample ranging 
between 5 and 300 uwgm. 


Experimental 
Reagents 


(a) Absolute ethanol: The ethanol used in this determination should be 
of the highest purity and should be treated to remove aldehydes and ketones. 


It has been found satisfactory to follow the procedure detailed by Callow 
et al. (3). 


1 Manuscript received August 10, 1954. 
Contribution from the Department of Biochemistry, Dalhousie University, Halifax, N.S. 
This investigation was supported by a grant from the National Research Council, Canada. Part 
of these findings were presented before the Canadian Physiological Society, October, 1952. 
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(6) Absolute ether: The analytical reagent grade was twice distilled and 
stored over powdered copper. 

(c) Alcohol-ether: Three parts of absolute ethanol were mixed with one 
part absolute ether. 

(d) Chloroform: Analytical reagent grade was further purified by 
distillation. . 

(e) Reagents for color development: These are described by Daughaday 
et al. (4), and their composition is given below under procedure. 


Procedure 


(1) The sample, consisting of tripalmitin, lecithin, or an extract from blood 
in alcohol—ether (3 : 1) solution, was evaporated to dryness on a steam bath 
in an atmosphere of nitrogen. (2) Ten milliliters of chloroform was added, the 
soluble lipid transferred to a small, round bottomed distilling flask, and the 
solvent again evaporated under nitrogen. (3) Two milliliters of a saturated 
aqueous solution of potassium hydroxide was then added together with 0.1 ml. 
of ethanol, and saponification was allowed to proceed for five minutes at 
80°-100° C. (4) The solution was then made acidic by the cautious addition 
of 1 ml. of water and 1 ml. of 15 A sulphuric acid. (5) Two milliliters of 
periodic acid solution (0.01 1f sodium periodate in 0.15 M sulphuric acid) 
was then added and the oxidation was allowed to proceed for 45 min. at room 
temperature. (6) One milliliter of 5% stannous chloride solution was then 
added to stop the reaction. (7) Three milliliters of 5 Mf sulphuric acid was 
then added and the formaldehyde distilled into 1 ml. of sodium sulphite 
solution (4% sodium sulphite in 1% ethanol). Five milliliters of distillate 
was collected. (8) Three milliliters of the resulting solution was transferred 
to a boiling tube together with 5 ml. of chromotropic acid reagent (4 ml. of a 
5% aqueous solution diluted to 100 ml. with 15 M sulphuric acid). (9) The 
tube was placed in boiling water for 30 min., cooled, and 2 ml. of 9 M sulphuric 
acid was added. (10) The resulting violet color was read in a Coleman 
Junior Spectrophotometer with the wave length set at 540 my. Reagent 
blanks consisting of the appropriate volume of pure alcohol—ether were carried 
through the entire procedure. 

In step number 7 it was found convenient to use a 15 ml. graduated centri- 
fuge tube as a receiver, most of the distillation being carried out with the 
outlet of the condenser below the level of the sulphite solution. A small 
all-glass distilling apparatus was employed (4). 


Preparation of Standard Curves 


Standard curves have been prepared using tripalmitin and lecithin as 
typical glycerides. Purified tripalmitin (m.p. 64° C.) was prepared from the 
Eastman commercial product by fractional crystallization. A sample of 
lecithin was prepared by the method of Pangborn (7). Using the same set 
of reagents these curves could be duplicated to within one galvanometer 
reading of the spectrophotometer. Specimen curves are presented in Fig. 1. 
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Fic. 1. Sample standard curves for tripalmitin and lecithin. 


© values obtained with tripalmitin 
A values obtained with lecithin 


Correction of Analyses for Phospholipid Content of Sample 

As may be seen from Fig. 1, phospholipid interferes to a limited but signi- 
ficant extent with the determination of neutral fat by this method. Attempts 
by the author to eliminate phospholipid chemically, before color development, 
did not prove successful, chiefly because all the attempts introduced large 
amounts of extraneous color. Procedures tested included acetone precipita- 
tion and attempts to remove the glycerophosphoric acid (which is presumably 
formed by the method of saponification used) with ion exchange resins. 
Accordingly, it was decided to determine lipid phosphorus on all blood samples 
analyzed, and to make the assumption that this determination largely repre- 
sented lecithin. The following correction was then applied: (1) The total 
apparent neutral fat (JT) was determined as outlined above. (2) The lipid 
phosphorus value was multiplied by 25 to give the assumed phospholipid 
value (P). (3) The point (P) was located on the lecithin standard curve and 
the galvanometer reading (G) for this value noted. (4) The amount of 
neutral fat corresponding to a galvanometer reading of G was then obtained 
from the tripalmitin curve. (This value was designated Pyr.) (5) The 
actual neutral fat content of the sample was then reported as T minus Py r. 


Results 


In order to test the applicability of the method for routine determinations 
of fat in blood, a number of samples from normal and diabetic human subjects 
were analyzed. The analyses were conducted as follows: 0.1 ml. of whole 
blood was introduced into 20 ml. of alcohol-ether, the solution thoroughly 
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mixed and filtered quantitatively through Whatman No. 1 paper. An 
additional 5 ml. of alcohol-ether was used to wash the paper. The filtered 
extract was then treated as outlined above. Lipid phosphorus was determined 
on another sample of blood by the method of King (5). The results of these 
analyses are presented in Tables I and II. In a series of six experiments in 
which blood plus 100 mgm. of tripalmitin was added to the alcohol-ether, 
recovery averaged 103% + 2.5%. : 


TABLE 1 


NEUTRAL FAT VALUES IN NORMAL SUBJECTS 














Subject Sex Phospholipid, Neutral fat, 
mgm. % mgm. % 
PW F 242 100 
DD F 215 148 
LS F 212 95 
KF F 275 50 
RS M 316 117 
LM M 212 95 
GK M 290 120 
JS M 255 50 
JA M 282 51 
FF M 173 65 
PR M 177 68 





Neutral fat mean 87 + 10 mgm. %. 
Phospholipid mean 241 + 15 mgm. %. 
All subjects were fasted 14-17 hr. before blood was taken for analysts. 


TABLE II 


NEUTRAL FAT VALUES IN DIABETICS 











Patient Sex Blood sugar,* Phospholipid, Neutral fat, 
mgm. % mgm. % mgm. % 
LM F 208 187 180 
SW F 318 224 312 
FR F 226 203 192 
FH M 174 165 132 
JG M 245 192 137 
RL F 238 212 152 
MD F 314 223 217 
LD M 276 179 178 
HH F 276 167 202 
BH M 294 215 200 
LB F 302 225 290 
SH M 338 249 300 
MM F 512 183 315 
¢4 F 230 185 182 
RN M 390 208 220 





Neutral fat mean 214 + 16 mgm. %. 
Phospholipid mean 201 + 6 mgm. %. 
All patients were fasted 14-17 hr. "hee blood was taken for analysis. 
* Values were determined by the staff of the laboratory of the Victoria General Hospital, 
Halifax, N.S. 
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Discussion 


The method presented here permits a reasonably rapid determination of 
neutral fat, with an accuracy sufficient for most biochemical investigations. 
The main point where care should be exercised is in the purification of the 
necessary solvents, as traces of formaldehydogenic material are difficult to 
remove. If they are prepared as directed however, and stored in the cold, 
no particular difficulty will be encountered. 
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STUDIES ON THE EFFECT OF VITAMIN B,; DEPRIVATION ON 
CARBOHYDRATE METABOLISM IN THE RAT! 


By J. R. Beaton anp M. E. Goopwin 


Abstract 


The results of im vivo and in vitro studies on carbohydrate metabqjism in the 
vitamin-Be-deprived rat are reported. All comparisons were made with pair-fed 
control animals. Within five days of vitamin Bg restriction, rats have signi- 
ficantly lowered fasting levels of blood sugar and liver glycogen. These 
abnormalities are more marked after 21 days of deprivation and are accompanied 
by significantly lowered fasting blood levels of pyruvic acid and lactic acid. 
The activity of lactic acid dehydrogenase, one enzyme involved in carbohydrate 
metabolism, was measured in vitro and found to be significantly depressed in the 
vitamin-B,¢-deprived rat. The conclusion is drawn that an abnormal metabolism 
of carbohydrate occurs in rats deprived of vitamin Bs. This abnormality is 
evident early in the deprivation period. 


Many investigations have implicated vitamin Bg in nitrogen metabolism 
both through in vitro studies of enzyme systems (7, 8, 17) and in vivo studies 
(6,11). Similarly a role of vitamin Bg, in fat synthesis from protein (13) and 
in fat storage (2) has been suggested. A relationship between vitamin Bes 
and the essential fatty acids has been demonstrated at least with regard to 
the cure or prevention of acrodynia, the external manifestation of vitamin Be 
deficiency in the rat (16). More recently this relationship has been supported 
by biochemical evidence (19). A recent study in this laboratory investigated 
the chronological appearance of these two apparently dissimilar effects on 
nitrogen and fat metabolism (3). It was found that whereas changes in the 
amount of body fat were noted following only seven days of vitamin restriction, 
in vivo and in vitro effects on nitrogen metabolism were not evident until 20 to 
28 days of deprivation. The results suggested that the defects in nitrogen 
metabolism were a consequence of some fundamental aberration in energy 
production or utilization as reflected by body fat changes. From these 
studies it might be thought that some abnormality in carbohydrate metabolism 
would also be present. The studies to be reported in the present paper were 
designed to investigate certain aspects of carbohydrate metabolism in the 
vitamin-Bg-deprived rat. In particular, it was felt advisable to ascertain if 
any abnormality in carbohydrate metabolism could be detected early in the 
period of deprivation. 


Experimental 


In all of the experiments to be reported, Wistar strain rats of both sexes 
were housed in individual screen-bottomed cages with drinking water freely 
available. The basal diet employed was the 20% casein, 20% corn oil, 
vitamin-Bg-free diet previously described (5). Control animals were given 
50 wgm. pyridoxine hydrochloride per rat per day in their food and in all 


1 Manuscript received June 4, 1954. 
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cases were pair-fed with comparable deprived groups. Following the stated 
period of experimental feeding, the animals were fasted for 18 hr., anesthetized 
with an intraperitoneal injection of 2% butylone in 0.9% saline, and blood 
removed from the exposed heart and heparinized. Livers were quickly 
removed and placed in 5% trichloracetic acid for the determination of glycogen 
by the method of Kahan (12). On individual blood samples, the following 
analyses were done in duplicate by the procedures stated: sugar, Nelson (14); 
pyruvic acid, Friedemann and Haugen (10); and lactic acid, Barker and 
Summerson (1). In one experiment in which liver lactic acid dehydrogenase 
activities were measured, the animals were killed by stunning and decapitation 
and the enzyme activity of liver homogenates was measured by the manometric 
procedure of Vestling and Knoepfelmacher (18). 


Fasting Blood Metabolites After Five and 22 Days of Deprivation 

Four groups of 10 rats each with an initial average body weight of 102 gm. 
were maintained on experimental feeding for a period of five or 22 days as 
indicated; two of these groups received pyridoxine and were pair-fed with 
their comparable deprived groups. The average daily food consumption of 
both groups was 9 gm. per rat for the first five days and 10.6 gm. per rat for 
the 22 day period. During these times, the deprived group gained 15 gm. 
body weight and the control 18 gm. on the average in the first five days; 
weight gains were 57 and 72 gm. on the average for the deprived and control 
groups respectively in the 22 day period. Following fasting, the animals were 
killed and sugar, pyruvic acid, and lactic acid determinations were done on 
individual blood samples. The results of this study are shown in Table I. 


Liver Glycogen Levels in Vitamin-B,-deprived Rats 


Forty rats were divided into four groups equal with respect to number, sex 
distribution, and an initial average body weight of 113 gm. Two groups were 


TABLE I 


FASTING BLOOD METABOLITES IN VITAMIN-B¢-DEPRIVED AND PAIR-FED CONTROL RATS (#® RATS 
PER GROUP) AFTER FIVE AND 22 DAYS OF EXPERIMENTAL FEEDING 














a Deprived Control t Deprived Control t 
P 5 days 5 days 22 days 22 days 

Blood sugar, mgm.% Mean 57 80 2.59* 133 209 3.6t 
S.D. 5 24 31 60 

Blood pyruvic acid, mgm.% Mean 1.7 £7 — 1.4 2.0 5.3tf 
S.D. 0.1 0.1 0.3 0.3 

Blood lactic acid, mgm.% Mean 32 41 2.87 39 48 2.2* 
S.D. 1 14 8 14 





* Significant at the 5% level. 
¢ Significant at the 1% level. 
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deprived of vitamin Bs, and two groups were given pyridoxine and pair-fed 
with the deprived groups. Following each of five and 21 days of experimental 
feeding, one deprived and one control group were fasted, killed, and individual 
liver glycogen determinations done. The results are set down in Table II. 


TABLE II 


LIVER GLYCOGEN LEVELS IN FASTING VITAMIN-Bg-DEPRIVED AND PAIR-FED CONTROL RATS 
(10 RATS PER GROUP) AFTER FIVE AND 21 DAYS OF EXPERIMENTAL FEEDING 








Liver glycogen, % 








Group Days on diet t 
Range Mean oD. 
Deprived | 0.18-1.01 0.34 0.23 3.32t 
Control 2 0.24-1.03 0.64 0.25 ite 
Deprived 21 0.15-0.42 0.25 0.09 4.00¢ 
Control 21 0.29-1 .30 0.65 0.30 ; 


t Significant at the 1% level. 





Lactic Acid Dehydrogenase Activities 

Eighteen rats were divided into two groups equal with respect to number, 
sex distribution, and an initial average body weight of 102 gm. One group 
was given pyridoxine and was pair-fed with the deprived group. Following a 
feeding period of 37 to 39 days, the animals were fasted for 20 hr. and were 
killed by stunning and decapitation. Livers were quickly removed for the 
determination of lactic acid dehydrogenase activity. Since the number of 
assays which could be done in one day was a limiting factor, care was taken 
to select animals of each sex, from each group, each day of the three day 
killing period to prevent biasing of results. The results of this study are set 


down in Table III. 
TABLE III 


LIVER LACTIC ACID DEHYDROGENASE ACTIVITIES OF VITAMIN-Bs-DEPRIVED 
AND PAIR-FED CONTROL RATS 














Lactic acid dehydrogenase Qo2!°* 
Group No. of rats t 
Range Mean S.D. 
Jepriv 9 42-62 54 
Deprived ) : 3.68t 


Control 9 56-71 64 








* Based on wl. oxygen consumed per 10 min. per mgm. dry weight of tissue and multiplied 
by 6 to give the potential oxygen consumption per hr. 
¢ Significant at the 1% level. 


Discussion 


Before discussing experimental results, certain points should be emphasized. 
It is realized that all of the metabolites studied can be seriously affected by 
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activity. To minimize this activity effect all animals were carefully anesthe- 
tized with butylone prior to withdrawal of blood. No apparent increase in 
activity occurred as a result of this procedure. The amount of food consumed 
can alter levels of carbohydrate metabolites. In this regard, the pair-feeding 
techniques used throughout these studies have eliminated differences in food 
consumption among deprived and control groups in each experiment. The 
question of intestinal absorption of carbohydrate substances might be raised. 
It should be pointed out that Carter and Phizackerley (9) have demonstrated 
that vitamin B, deprivation does not alter carbohydrate absorption in the rat. 
Further, the present studies were carried out on animals in the fasting state. 

As shown in Table I, deprivation of vitamin Bs for only five days resulted 
in a significant depression in the fasting level of blood sugar whereas no 
significant changes in fasting blood levels of pyruvic acid or lactic acid were 
noted after the same period of deprivation. Following 22 days of vitamin 
restriction, a significant depression in the fasting levels of all three blood 
metabolites was observed. The data of Table II demonstrate a significantly 
lower liver glycogen level in vitamin-Bg-deprived rats after both five and 21 
days of vitamin restriction. Peretti (15) has also observed a lowering of liver 
glycogen in vitamin-Be-deprived rats. It would appear that clear-cut 
disturbances in carbohydrate metabolism occur in the rat consequent to dietary 
restriction of vitamin Beg and that at least two of these disturbances are evident 
very early in the deprivation period. Since these disturbances are all 
represented by lowered metabolite levels, it is suggested that carbohydrate 
stores are either rapidly depleted or are not formed in normal amounts in the 
vitamin-Bg-deprived rat. 

Liver lactic acid dehydrogenase activities (Table III) were significantly 
depressed in vitamin-Bgs-deprived rats on comparison with their pair-fed 
controls. It should be noted that the method employed for the estimation of 
this enzyme’s activity measured the oxidative reaction; i.e. the formation of 
pyruvic acid from lactic acid. It may well be that the reverse reaction, the 
formation of lactic acid from pyruvic acid, is similarly impaired since the 
equilibrium of lactic acid dehydrogenase favors the formation of lactic acid. 
Although this enzyme is only one of several involved in carbohydrate 
metabolism, the finding of a depressed activity in vitro adds support to the 
hypothesis of an abnormal metabolism of carbohydrate in the vitamin-Be- 
deprived rat. 

As already indicated (3) rats deprived of vitamin Bs have a lowered body 
fat content within seven days of vitamin restriction and alterations in nitrogen 
metabolism indicative of increased catabolism of amino acids after 21 to 28 
days of vitamin restriction. The present study demonstrates disturbances 
in carbohydrate metabolism in the vitamin-B,-deprived rat after only five 
days of vitamin restriction. Considered together, these findings are consonant 
with an hypothesis of increased catabolism of energy substrates in the vitamin- 
B.-deprived rat as a consequence of a fundamental alteration in either the 
production or utilization of energy. In this respect, it should be noted that 
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the basal metabolic rate of vitamin-B¢-deprived rats is not different from that 
of pair-fed controls when expressed as oxygen consumption per unit of body 
weight (4). Further work is now in progress to elucidate the responsible 
factor or factors. 

Preliminary experiments on the utilization of intraperitoneally injected 
glucose, pyruvic acid, and lactic acid have been carried out. In these experi- 
ments analyses were done on pooled samples thus making statistical treatment 
of the data impossible. The data so obtained do, however, support the 
hypothesis of an abnormal carbohydrate metabolism in vitamin-Be¢-deprived 
rats. It is planned to carry out further experiments of this type employing 
individual blood samples in order to ascertain statistical significance of 
differences between groups. 


Summary 


After only five days of vitamin-B,-deprivation, rats have significantly 
lowered fasting levels of blood sugar and liver glycogen. Restriction of this 
vitamin for 21 days results in even more marked depressions of these metabolite 
levels accompanied by significantly lowered fasting blood levels of pyruvic 
acid and lactic acid. The activity of lactic acid dehydrogenase is significantly 
depressed in vitro in the vitamin-Bg-deprived rat. These findings demonstrate 
an abnormal carbohydrate metabolism which can be detected early in the 
vitamin Bg deprivation state. 
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ASSAY OF ADRENOCORTICAL HORMONES ON THE THYMUS 
OF THE WEANLING RAT! 


By N. R. STEPHENSON 


Abstract 


Involution of the thymus gland of intact weanling rats has been used as the 
criterion of the response to 11-oxycorticosteroids. Other substances known to 
cause thymus atrophy exhibited dosage-response relationships which differed 
significantly from those observed with 11-oxycorticosteroids. Thymus involution 
was produced at a faster rate and at smaller dose levels by adrenal corticoids 
than by any of the other steroid, hormone preparations examined. The slope of 
the dosage-effect line obtained with an 11-oxycorticosteroid may be increased 
by using (a) adrenalectomized rats, (b) female rats, and (c) vegetable oil as the 
injection medium. The error term of the assay may be reduced by (a) using 
littermates in each treatment group, (b) maintaining the weight range within 
dosage groups as small as possible, and (c) equalizing the total weight of the 
rats in each dosage group at the start of the assay. The standard error of the 
potency ratio was usually less than +15% when 40 intact female rats of the 
Wistar strain, 21-23 days old, were employed in a two-dose assay design. This 
method provided estimates of potency of commercial adrenal cortical extracts 
which did not differ significantly from those obtained by a procedure using 
deposition of reducing substances in the liver of adrenalectomized male rats 
as the criterion of the response. The chief advantages of the thymus involution 
method are: (a) intact rats may be employed and (6) chemical analyses of 
tissues are not required. 


Introduction 


The chronic treatment of adult rats with an extract of the adrenal cortex 
has been shown by several investigators (5, 12, 21, 22) to cause involution of 
the thymus gland. This effect was found to be associated with hydrocortisone, 
cortisone, corticosterone, and 11-dehydrocorticosterone (6, 13, 15, 32). On 
the other hand, 11-desoxycorticosterone brought about regression of the 
thymus only when injected in relatively large amounts (13, 32). Santisteban 
and Dougherty (19) reported that an oxy or an hydroxy group at carbon-11 
of the steroid nucleus was required for the development of acute thymus 
atrophy. An hydroxy group at carbon-17, although not essential, enhanced 
the activity, and when both carbon-11 and carbon-17 had hydroxy groups, 
as in hydrocortisone, maximum thymolytic activity was obtained. 

Santisteban (18) observed that the acute involution of the thymus of 
adrenalectomized mice, induced by the administration of cortisone, was a 
response of the continuous variate type. A linear relationship was demon- 
strated between the logarithm of the dose of cortisone and the relative thymus 
weight, expressed as mgm. per 100 gm. of initial body weight. Santisteban 
and Dougherty (19) suggested that this linear relationship might be adapted 
to a method for the bioassay of corticoids in body fluids. The thymus weight 
response has been used successfully as a bioassay procedure for corticotrophin 

1 Manuscript received July 27, 1954. 
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employing either nestling or 23-day old rats (3, 27, 28, 29). The reduction in 
thymus weight following graded doses of corticotrophin, administered in a 
vehicle designed to delay absorption from the injection site, gave potency 
estimates which agreed with those found by assay methods using either 
adrenal eight maintenance or adrenal ascorbic acid depletion as the criterion 
of the response (29). 

The administration of 11-oxycorticosteroids is known to cause deposition 
of glycogen in the liver of the adrenalectomized rat and mouse; this property 
was used as the basis of several bioassay procedures for adrenal corticoids 
(16, 17, 31). Since the evidence in the literature implies that thymus involu- 
tion is also an index of 11-oxycorticosteroid activity, it was decided to 
investigate this type of response for the assay of adrenocortical hormones in 
pharmaceutical preparations. However it is a well known fact that agents or 
conditions which give rise to stress in the animal organism as well as the 
chronic administration of estrogens and androgens bring about atrophy of the 
thymus gland (6, 15, 23, 24). Before a valid and acceptable assay procedure 
could be worked out, it was necessary to determine the specificity of the 
thymus weight response to 11-oxycorticosteroids. In addition, other factors 
were studied governing the precision of the assay including the effect of (a) 
the injection medium, (b) the sex of the test animals, and (c) various trans- 
formations of the response. 


Experimental 


Weanling rats of the Wistar strain, 21 to 23 days old and weighing approxi- 
mately 35 to 40 gm., were divided at random into dosage groups containing 
5 to 10 rats each. The total weight of the rats in each group was equalized 
by appropriate exchange of the animals after the original random distribution. 
This step in the procedure was necessary because the mean response to a 
given dose of the corticosteroid was correlated significantly (r°= 0.92) with 
the average body weight of the rats in each dosage group. When both males 
and females were included in the test to provide a sufficient number of animals 
for a satisfactory assay, each dosage group was allotted the same number of 
rats of each sex. The range of the body weights of the rats used in a test was 
kept as small as possible because the thymus weight of the rat was correlated 
with the initial body weight (ry = 0.79), and in addition, the index of 
precision (s/b) of the assay was directly proportional to the standard deviation 
of the body weights within dosage groups (7 = 0.86). 

During the assay period, the rats were placed in cages in a quiet room 
maintained at approximately 25°, and were given Master Fox Cubes* and 
water ad libitum. The solution under test was injected subcutaneously twice 
daily, at 9 a.m. and 5 p.m., for three days to provide a total dose of from 
100 to 400 ugm. of corticoid. The log dose interval (7) in most of the assays 
was 0.301, but a significant differentiation between dose levels was obtained 


* Master Fox Cubes—Toronto Elevators Ltd. 
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with a log dose interval as small as 0.176. Approximately 16 hr. after the 
last injection (the morning of the fourth day), the rats were given an overdose 
of chloroform, the body weight was measured, and the thymus gland was 
dissected out carefully and weighed on a Roller-Smith microtorsion balance. 
The results were expressed as mgm. thymus weight per 100 gm. of the final 
body weight. 

In experiments involving adrenalectomized rats, the adrenal glands were 
removed via the lumbar route under ether anesthesia. Following the opera- 
tion, the rats were given Master Fox Cubes to eat and 1% saline to drink. 
Approximately 24 hr. after adrenalectomy, a dose schedule was initiated 
identical with that used for the intact rats. 

The 11-oxycorticosteroids were dissolved in either vegetable oil or an 
aqueous solution containing 10% ethyl alcohol and 0.9% sodium chloride. 
When vegetable oil was employed as the injection medium, the steroid com- 
pound was dissolved in a small volume of acetone, the required amount of 
vegetable oil was added, and the acetone was removed by distillation im vacuo 
at a temperature below 50°. The 11-oxycorticosteroids were removed from 
commercial adrenal cortical extracts by shaking a suitable aliquot with an 
equal volume of chloroform. The extraction with chloroform was repeated 
four times, the extracts were combined, and the solvent evaporated off in 
vacuo. The residue was dissolved in a small amount of acetone and taken up 
in vegetable oil as described previously. 


Results and Discussion 


Specificity of the Response 

In order to make the criterion of the response relatively specific, it is 
customary to remove the endogenous source of the hormone under test before 
attempting a biological assay. Fig. 1 shows that both adrenalectomized and 
intact 21-day old rats provided a linear relationship between the log dose of 
cortisone acetate and the thymus weight per 100 gm. of rat. Although the 
slope of the regression line for the adrenalectomized group was steeper than 
that for the intact animals, the difference between the slopes was not significant 
according to the analysis of variance of the dosage-response lines. There was 
a significant difference between the mean relative thymus weights of the 
adrenalectomized rats and those of the intact rats, when vegetable oil alone 
was injected. The adrenalectomized rats had significantly larger thymus 
glands than the intact rats at the 105 ugm. dose but the difference between 
the two groups of animals was not significant at the 210 and 420 uwem. dose 
levels. Feldman (7) reported that adrenalectomy caused an increase in 
thymus weight as a result of hyperplasia and hypertrophy of lymphoid tissue. 
Frank et al. (8), working with mice, noted that adrenalectomy during a fast 
arrested the involution of the thymus gland and resulted in a higher mitotic 
rate than that found in intact mice. However, Stoerk (26) believed.that this 
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Fic. 1. Comparison of the thymus weight response of adrenalectomized rats with that 
of intact rats to cortisone acetate dissolved in peanut oil. The vertical bars indicate the 
limits of the standard error of the mean response of 10 rats. 


apparent increase in thymus weight after adrenalectomy was not a true 
hypertrophy of the gland, but only reflected the normal development of the 
thymus under optimal environmental conditions. Santisteban (18) estimated 
that a dose of cortisone between 25 and 50 wgm. per day was required to 
maintain the thymus weight of adrenalectomized mice within the normal 
range. Extrapolation of the data shown in Fig. 1, obtained for 21-day old 
rats of the Wistar strain, suggests that a dose of approximately 30 ugm. of 
cortisone acetate per day, injected subcutaneously in an oil medium, was 
sufficient to reduce the thymus weight of the adrenalectomized rats to the 
level observed in the intact group. 

Sayers and Sayers (20) reported that the pituitary—adrenal cortex system 
of rats could be suppressed by previous treatment with adrenocortical 
hormones. Recently Hodges (11) found the increased corticotrophin activity 
caused by stress to be diminished by the prior administration of cortisone 
acetate. In our experiments, the injection of cortisone acetate at total dose 
levels of 210 and 420 uwgm. over a three day period apparently suppressed the 
pituitary—adrenal cortex system to some extent, because the thymus weight 
response of the rats deprived of endogenous adrenal corticoids by adrenal- 
ectomy was only slightly higher than that of the treated intact rats. 
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It is well established that substances like formaldehyde, epinephrine, and 
histamine (6, 21, 22, 24) cause thymus involution in intact rats. In most of 
the experiments reported in the literature, relatively large doses were adminis- 
tered which had toxic effects as well as bringing about thymus atrophy. 
Table I illustrates the effect of injecting hydrocortisone in an aqueous medium 
containing 1% formaldehyde into adrenalectomized as well as intact rats. 
Thymus involution was increased by this amount of formaldehyde in both 
groups of rats. However, the formaldehyde caused a significantly larger 
reduction in thymus weight only when it was administered to intact rats at 
a dose level of 0.2 cc. of a 1% solution twice daily for three days. The 
development of adhesions at the sites of injection was the only outward 
manifestation of a toxic reaction to the formaldehyde. The results of this 
experiment suggest that the increased thymus atrophy noted when formalde- 
hyde was included in the injection medium cannot be ascribed to a stress effect 
entirely, because a reduction in thymus weight was observed in the adrenal- 
ectomized rats as well. 


TABLE I 


EFFECT OF FORMALDEHYDE ON THE RESPONSE OF THE RAT THYMUS TO HYDROCORTISONE 








Total dose given in 








three days Intact rats Adrenalectomized rats 

1 Hydro- . . 

a Pron oll No. of bo spain wt. per No. of pp wt. per 
ce. ugm. rats gm., mgm. rats gm., mgm. 
0.0 300 15 ve. & 113° 4 303.8 + 13.9° 
0.6 300 15 250.6 + 11.1 4 280.8 + 16.0 
0.0 600 15 220.3 + 11.2 5 200.0 + 9.5 
2.2 600 15 186.2 + 6.7 5 218.2 +,20.2 





* Standard error of the mean. 


Fig. 2 demonstrates the influence of formaldehyde on the slope of the 
regression line between the log dose of hydrocortisone and the relative thymus 
weight of intact weanling rats. A graded response was obtained with a small 
but significant slope when formaldehyde was injected at total dose levels of 
0.3,0.6,and 1.2 cc. of a1% solution. An analysis of variance of the dosage— 
response curves for hydrocortisone with and without added formaldehyde in 
the injection medium as shown in Fig. 2 indicated that the slopes were signi- 
ficantly divergent. Apparently the presence in an adrenocortical preparation 
of a toxic agent like formaldehyde, which has a thymus involuting action by 
itself, invalidates the assay because of the lack of parallelism between the 
dose-effect lines for the standard and the unknown. 
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Fic. 2. Effect of formaldehyde on the thymus weight response of intact rats to 
hydrocortisone dissolved in a saline solution containing 10% ethyl alcohol. Each point 
represents the mean response of five rats. 


Fig. 3 shows the effect of phenol, histamine, and epinephrine, administered 
in an aqueous medium by subcutaneous injection, on the thymus weight 
response in intact animals. None of these substances, at the dose levels 
employed, caused a significant involution of the thymus gland. Phenol 
tended to enhance the thymolytic activity of hydrocortisone but not signi- 
ficantly. However epinephrine caused a marked increase in the regression of 
the thymus when given with the hydrocortisone. Since phenol is commonly 
used as a preservative for aqueous adrenal cortical extracts, and epinephrine 
is a possible contaminant in commercial preparations, experiments were 
conducted to study methods for preventing the enhancement of the involuting 
activity when these substances are present in the extract. Table II illustrates 
that phenol, benzyl alcohol (a preservative frequently used in adrenal corticoid 
preparations), and epinephrine, even when added to the original aqueous 
medium in the amount shown, did not have a significant effect on the estima- 
tion of the potency after the adrenal cortical hormone preparation was 
extracted with chloroform and the chloroform-soluble residue taken up in 
vegetable oil. Although phenol and benzyl alcohol were removed by the 
chloroform and appeared in the vegetable oil solution, they had no apparent 
thymolytic action when administered in this injection medium. 








STEPHENSON: ADRENOCORTICAL HORMONES 695 


ONTROL 


PHENOL s 5S MGM./ DAY 


HYDROCORTISONE = 0.15 MGM./DAY 


PHENOL s 5 MGM./DAY + 
HYDROCORTISONE = 0.15 MGM./ DAY 


HISTAMINE * 0.33 MGM. /DAY 


HYDROCORTISONE * 0.20 MGM./ DAY 


HISTAMINE = 0.33 MGM./DAY + 
HYDROCORTISONE = 0.20 MGM./ DAY 


EPINEPHRINE * 0.04 MGM./DAY 


- HYDROCORTISONE = 0.20 MGM./ DAY 
EPINEPHRINE * 0.04 MGM./DAY + 
HYDROCORTISONE * 0.20 MGM./DAY 





100 200 


MGM, THYMUS PER 100 GM. BODY WT. 


_Fic. 3. Influence of toxic substances on the thymolytic activity of hydrocortisone 
dissolved in a saline solution containing 10% ethyl alcohol. The horizontal bars represent 
the limits of the standard error of the mean response. 


TABLE II 


ESTIMATION OF THE POTENCY OF THE CHLOROFORM-SOLUBLE RESIDUE OBTAINED FROM AQUEOUS 
ADRENOCORTICAL HORMONE PREPARATIONS CONTAINING EITHER 
EPINEPHRINE, PHENOL, OR BENZYL ALCOHOL 








Epinephrine Phenol Benzyl alcohol 





Concentration in the aqueous medium 1 : 25,000* 0.5% 0.5% 


Potency of the chloroform-soluble 104.4 + 11.0% 100.7 + 12.4% 90.7 + 15.3% 
residuet 





* Commercial adrenal cortical extracts are claimed to contain less than 1 : 500,000 epinephrine 
+ Expressed as a percentage of the standard preparation. 


Pregnenolone, testosterone, estrone, and diethylstilbestrol have been shown 
to cause thymus atrophy when administered chronically to rats (15). These 
substances, dissolved in vegetable oil, were injected subcutaneously into intact 
weanling rats twice daily for three days at total dose levels ranging from 100 
to 400 uwgm. Cortisone acetate was employed as a typical 11-oxycortico- 
steroid for purposes of comparison. Fig. 4 demonstrates that none of these 
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Fic. 4. Specificity of the thymus weight response: Comparison of the thymolytic 
activity of pregnenolone acetate, testosterone propionate, estrone, and diethylstilbestrol 
with that of cortisone acetate in the intact weanling rat. Each point represents the mean 
response of 10 rats. 


compounds induced thymus involution to the same extent as cortisone, when 
administered at similar dose levels for a period of three days. The slope of 
the log dose-response line for cortisone acetate was significantly larger than 
those of the other substances tested. Gaddum (9) in a recent review of 
biological assays suggested that the dosage—effect relationship could be 
employed for identifying physiologically active compounds and distinguishing 
them from other closely related substances. Apparently this is true for 
adrenal corticosteroids according to the data given in Fig. 4. Further 
support for this assertion is provided in Table III in which the slopes of the log 
dose-response lines are given for various 11-oxycorticosteroid preparations. 
The slope of the regression line obtained for a mixture of equal parts of 
desoxycorticosterone acetate and cortisone acetate was not significantly 
different from that of the dosage—effect line for cortisone acetate alone. Intact 
rats were unable to differentiate between total doses of desoxycorticosterone 
acetate ranging from 0.10 to 1.20 mgm., injected for a period of three days 
and using the relative thymus weight as the criterion of the response. These 
findings confirm the hypothesis suggested by Santisteban and Dougherty (19) 
that either an oxy or an hydroxy group at carbon-11 is essential for the acute 
involution of the thymus gland. 
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TABLE III 


SPECIFICITY OF THE THYMUS WEIGHT RESPONSE : SLOPES OF THE LOG DOSE-RESPONSE LINES 
OBTAINED FOR VARIOUS ADRENAL CORTICAL HORMONE PREPARATIONS 











Adrenal cortical hormone preparation Number of assays y vnoabine ached ap 
Hydrocortisone 11 — 301.3 + 17.7* 
Hydrocortisone acetate 4 — 304.5 + 17.3 
Cortisone acetate 19 — 286.1 + 11.0 
Adrenal cortical extract ‘‘A’”’ 6 — 250.8 + 37.6 
Adrenal cortical extract ‘“B”’ 6 — 280.2 + 48.2 
Cortisone acetate + desoxycorticosterone acetate 1 — 254.4 
Desoxycorticosterone acetate 1 + 23.2+ 





* Standard error of the mean. 
t Slope not significant. 


The Influence of the Injection Period on Thymus Involution 


Cortisone acetate, dissolved in peanut oil, was injected subcutaneously into 
intact 21-day old rats twice daily, for periods ranging from one to five days. 
A total dose of 300 ugm. of the hormone was administered during each of 
these various time intervals. The control group of rats was given peanut oil 
without the corticosteroid. The rats were weighed and thymectomized 
approximately 16 hr. after the last injection. Fig. 5 indicates that the 
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Fic. 5. Effect of the injection period on the thymus weight response of intact weanling 
rats to a total dose of 300 wgm. of cortisone acetate dissolved in peanut oil. The vertical 
bars indicate the limits of the standard error of the mean response of 10-20 rats. 
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smallest thymus glands were found when either 150 uwgm. of cortisone acetate 
were injected daily for two days or 100 ywgm. of the corticosteroid were given 
daily for three days. Administration of the hormone at a higher dose level 
for one day, or for longer periods at lower daily doses, resulted in less thymus 
involution. Apparently the response of the thymus was governed not only 
by the total amount of cortisone acetate given, but also by both the length of 
the injection period and the daily dosage level of the corticosteroid. 


The Effect of Sex on the Response of the Thymus Gland to Cortisone Acetate 
Fig. 6 illustrates the log dose-response lines obtained for a typical group 
of male and female intact weanling rats of the Wistar strain, given cortisone 
acetate at three dose levels. The mean relative thymus weight of the 
untreated female rats was significantly higher than that of the untreated male 
group. However when the data were subjected to an analysis of variance, 
neither the responses of the males and females nor the slopes of the regression 
lines differed significantly. Although the error term was smaller when rats 
of one sex only were employed, the inclusion of rats of both sexes in the test 
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Fic. 6. Comparison of the thymus weight response of female rats with that of male 


rats to graded doses of cortisone acetate dissolved in corn oil. The vertical bars indicate 
the limits of the standard error of the mean response of 10-15 rats. 
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did not increase the standard deviation (s) of the assay to a significant extent. 
This experiment suggested that females rather than males should be used 
because the former usually provide a dosage—effect curve with a steeper slope 
and therefore an assay with a smaller index of precision (s/b). 


The Influence of the Injection Medium on the Thymus Weight Response to 
Hydrocortisone 

Bruce and Tobin (4) reported that sesame oil did not exhibit any ‘‘cortin- 
like” properties when injected into immature rats over a period of a few days. 
This investigation of vegetable oils was extended and our results show that in 
addition to sesame oil, other oils such as corn oil, cottonseed oil, and wheat 
germ oil had no significant effect on the thymus gland of intact weanling rats 
when injected subcutaneously twice daily for three days. However one lot of 
peanut oil out of three tested caused a slight but significant thymus atrophy 
when injected into rats. It is important, therefore, to examine each lot of 
vegetable oil for thymolytic activity before it is used as an injection medium 
for adrenocortical hormones. 

Fig. 7 compares the effect of sesame oil with that of a saline solution contain- 
ing 10% ethyl alcohol as the injection medium on the thymus involuting 
activity of hydrocortisone. Not only was the slope of the dosage—effect curve 
for sesame oil more than double that of the aqueous — ethyl alcohol medium, 
but significantly greater thymolytic activity occurred at each dose level when 
the hormone was administered in the oil medium. The hydrocortisone was 
probably absorbed more slowly from the sesame oil than it was from the saline 
solution. This observation suggests that the rate of absorption of an 
11-oxycorticosteroid from the injection site is related inversely to the amount 
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Fic. 7. Influence of the injection medium on the thymolytic response of intact weanling 
rats to graded doses of hydrocortisone. Each point represents the mean response of 
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of thymus involution produced by a given dose of the hormone. Evidence in 
the literature tends to support this conclusion because 11-oxycorticosteroids 
which were absorbed rapidly into the circulation caused only a transient rise 
in the level of corticoids in the blood (30) and most of the administered hormone 
or its metabolites appeared in the urine or in the feces (2). Greenspan et al. 
(10) reported that daily subcutaneous injections of cortisone acetate into 
intact rats caused thymus atrophy, whereas daily intraperitoneal injections 
at the same dose level had no significant effect on the thymus. 


The Relationship between the Total Log Dose of Cortisone Acetate and Various 
Functions of the Response 

The straight lines relating the various transformations of the response 
metameter to the log dose were computed by the method of least squares, 
and the equations are shown in Table IV. When the thymus weight was 
employed as the criterion of response, the variances at each dose level tended 
to be related to the dose in such a way that the smaller the mean thymus 
weight, the smaller the variance of the group. Such a relationship is contrary 
to one of the fundamental assumptions for a valid assay described by Jerne 
and Wood (14). The transformations of the response which met the require- 
ments of a valid assay because they provided homogeneous variances*, no 
significant departure from linearity, and a significant differentiation between 
dosage groups were: square root of the thymus weight (3), mgm. thymus per 
100 gm. of final body weight, and log thymus weight X 100/log body weight. 


TABLE IV 


FACTORS AFFECTING THE PRECISION OF THE ASSAY PROCEDURE 








Index of precision s/b 




















Transformation of the response Equation of the log Between litters variation 
dose-response line a 
Not Removed 
removed 
Thymus wt. per rat y = 89.1-—105.1(x—x) 0.258 0.120 
V Thymus wt. per rat y= 9.3-5.6(x—x) 0.331 0.110 
V Thymus wt. corrected for variation 
in body wt. by analysis of co- 
variance y= 9.3-6.1(x—*x) 0.154 0.074 
Mem. thymus per 100 gm. of body P 
wt. y = 205.2—264.0(x—*x) 0.175 0.081 
log thymus wt. X 100 
-—---——_———— — y = 117.9—36.4(x—*x) 0.219 0.062 


log body wt. 





* Bartlett's x? test was applied to the variances obtained at each dose level. 
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Table IV also demonstrates that removal of the variation between litters 
by analysis of variance reduced the ratio s/b by lowering the standard deviation 
s, thus improving the precision of the assay. A correction for variations in 
body weight within dosage groups either by covariance analysis (1) or by 
using the relative thymus weight also provided lower values for the ratio s/b. 


TABLE V 


THYMUS INVOLUTION VS. GLUCONEOGENESIS AS THE CRITERION OF THE RESPONSE 








Gluconeogenesis 








(increase in liver reducing Thymus involution 
Adrenal cortical substances) 
extract 
Confidence Confidence 

Potency*, limits, s/b Potency*, limits, s/b 

mgm./cc. pgm./cc. pgm./cc. pgm./cc. 
A 161 132-195 0.148 125 110-143 0.085 
B 233 160 — 338 0.257 219 176 -— 272 0.126 
i 496 403 - 611 0.100 550 471-678 0.121 
D 639 392-1033 0.293 920 835-1012 0.065 





* Hydrocortisone was used as the standard preparation. 


Comparison of the Thymus Involution Method with a ‘“‘Glycogen’’ Deposition 
Procedure for the Bioassay of 11-Oxycorticosteroids 

Table V compares the thymus weight method and a procedure in which the 
response was measured by the increase in liver reducing substances in 
immature adrenalectomized male rats (25). The estimates of potency by 
the two procedures were not significantly different. The values obtained for 
the ratio s/b indicate that the thymus involution method determines the 
potency of the adrenal cortical extracts as precisely as the procedure employing 
the deposition of liver reducing substances as the criterion of the response. 
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Page 248. In line 4 of Discussion, please insert ‘‘no excretion of’ after ‘demonstrates 
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